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Three outstanding problems related to the tectonic evolution of the Western Blue Ridge 
in the eastern Great Smoky Mtns. (GSM) include: (1) the nature of the Greenbrier Fault, 
previously interpreted as a younger over older pre-Taconic thrust fault with ~24 km of 
displacement between the Snowbird and Great Smoky Groups; (2) the relationship of 
regional metamorphism, expressed by the growth of porphyroblastic index minerals, to 
folding and foliation development in pelitic metasediments; (3) the relation of 
deformation to regional Taconian metamorphism. These problems were addressed in 
previous studies that did not have detailed mapping and petrography as a context. By 
using 1:24000 bedrock mapping in the eastern GSM in the area of the Greenbrier Fault 
and where regional metamorphic isograds are telescoped as a context, it can be concluded 
that: (1) the Greenbrier Fault exhibits an unconstrainable amount of post-metamorphic 
slip along the contact of the Great Smoky and Snowbird Groups and is not a major 
tectonic feature within the western Blue Ridge; (2) there is no direct spatial/coeval 
relationship between porphyroblast growth and foliation formation/matrix deformation 
that is consistent throughout the study area; (3) further work and mapping outside of the 
study area (S and SE) is needed when considering the relation of deformation to regional 
Taconian metamorphism, because of the non-pelitic nature of the Great Smoky and 
Snowbird Groups. 
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CHAPTER I. INTRODUCTION 
The Appalachian orogen has a complex history that has intrigued and captivated 
geologists since the mid-twentieth century (King et al., 1958; Hadley and Goldsmith, 
1963; King, 1964; Hatcher, 1989; Montes and Hatcher, 1999; Schultz and Southworth, 
2000; Southworth et  al. 2005, 2012; Clemons and Moecher, 2008; Clemons and 
Moecher, 2009; Aleinikoff et al., 2010). The Blue Ridge Province is no exception, and it 
has been the focus of several large-scale bedrock mapping projects, e.g., the U.S.G.S. 
mapping program in the mid-1900s led by P.B. King, and the 1:62,500 scale bedrock 
mapping by J. B. Hadley and R. Goldsmith (King et al., 1958; Hadley and Goldsmith, 
1963). Because the geology of the Blue Ridge records much of the Mesoproterozoic 
through Paleozoic tectonic and metamorphic history of the Appalachian orogen, more 
detailed and modern maps are needed to evaluate models for Appalachian orogenesis.  In 
spite of the long history of study, much remains unknown regarding the 
tectonometamorphic history of the eastern Great Smoky Mountains region. The steep 
terrane, relative inaccessibility in a national park, poor exposure and thick vegetation of 
the area have made it challenging to advance the state of knowledge beyond that 
elucidated by the King survey.  
Geologic bedrock mapping of the west half of the Cove Creek Gap 1:24,000 
quadrangle will provide first order observational constraints on long standing problems in 
Western Blue Ridge tectonics: 
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(1) Whether the Greenbrier Fault is a pre-metamorphic thrust fault that reflects ~24 
km of displacement between the underlying Snowbird and overlying Great Smoky 
Groups (Hadley and Goldsmith, 1963; Clemons and Moecher, 2008); 
(2) What is the relationship of regional metamorphism, expressed by the growth of 
porphyroblastic index minerals, to foliation development in pelitic metasediments. 
I.e., did porphyroblast growth (reflecting heating and movement of isotherms 
through the crust) occur pre-, syn-, or post folding and foliation development? 
(3) Whether the eastward narrowing of the apparent distance between metamorphic 
isograds mapped by Hadley and Goldsmith (1963) in the eastern Great Smoky 
Mountains results from folding at a range of scales and/or ductile faulting 
associated with regional late Paleozoic, retrograde compression.  
This project is partly feasible because of recent research by the U.S.G.S. (Southworth et 
al., 2005; Aleinikoff et al., 2007; Aleinikoff et al., 2010, Southworth et al., 2012), which 
provided new lithologic characterization, revised bedrock maps and preliminary 
geochronology on numerous bedrock units. More up-to-date regional geologic maps will 
also prove useful when characterizing large scale structures within the area (i.e., faults 
and folds). The North Carolina Geological Survey (NCGS) completed a preliminary 
1:24,000 map of the east half of the CCG quadrangle in 2009 (Hanna and Bradley, 2009). 
The CCG quadrangle is located in the eastern part of the 1:62,500 geologic bedrock map 
of the eastern Great Smoky Mountains (Hadley and Goldsmith, 1963) and a more recent 
1:100,000 geologic bedrock map of the Great Smoky National Park (Southworth et al., 
2005, 2012). This previous work provides a general outline of the location of map units 
for more detailed mapping, structural analysis, and metamorphic petrology. 
 3 
 
A. Geologic Setting 
The Cove Creek Gap (CCG) 7.5 minute quadrangle is located in westernmost 
North Carolina (Fig. 1). Mapping covered the western half of CCG quadrangle 
(northwest corner of CCG quadrangle is at latitude 35°45’, longitude 83°07’30’’), and is 
paralleled on the east by the previously mapped eastern half of the quadrangle (Hanna 
and Bradley, 2009). The western side of the map area lies almost entirely in Great Smoky 
Mountains National Park. This area is highly vegetated, remote and has more than 3,500 
ft. of relief. These factors hinder the geologic investigations of the area (Clemons and 
Moecher, 2008).   
A pronounced NE-SW foliation (schistosity and mylonitic foliation; Hadley and 
Goldsmith, 1963; Southworth et al., 2005; Hanna and Bradley, 2009) parallels strike of 
bedding. Most of the large scale structural features (i.e. faults, folds and high strain zones) 
also run parallel to strike (Fig. 1.2). Smaller scale structural features such as joints and 
small offset faults range from parallel to or perpendicular to strike. 
 The CCG quadrangle includes Mesoproterozoic (Grenvillian) age basement (Max 
Patch Granite and Spring Creek Granitoid Gneiss) which is unconformably overlain by 
the Neoproterozoic Ocoee Supergroup (Hadley and Goldsmith, 1963; Southworth et al., 
2005). In the area of interest the Ocoee consists of the Snowbird group (Wading Branch, 
Longarm, Roaring Fork, Pigeon, and Rich Butt formations) and the Great Smoky Group 
(Thunderhead Formation). Outcrops of these units occur in road cuts and in natural 
exposures along creeks and rivers, and less commonly on slopes and ridges. The rocks of 
the Snowbird group consist predominantly of fine- to medium-grained feldspathic 
metasiltsone, metasandstone and metaconglomerate with occasional shale interbeds that 
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are locally slaty or schistose at higher metamorphic grades (Clemons and Moecher, 2008). 
Ocoee strata exhibit complex lateral stratigraphic relationships, which intertongue along 
strike and/or are vertically gradational (King, 1964; Hadley and Goldsmith, 1963).  
The Ocoee units in the CCG experienced Taconic (ca. 450-440 Ma) and 
Alleghanian (325-260 Ma) dynamothermal metamorphism, ranging from greenschist to 
upper amphibolite facies (Hadley and Goldsmith, 1963; King, 1964). Peak Taconic 
amphibolite-facies metamorphism in the immediate study area (~ 450 Ma) has been dated 
using 
40
Ar-
39
Ar geochronology on hornblende (Kunk et al., 2006) and U-Pb 
geochronology on monazite and zircon (Aleinikoff et al., 2010; Moecher et al., 2011). 
Regional metamorphic grade increases southeastward from biotite to kyanite grade within 
the CCG quad, and cuts across strike throughout the area (Fig. 1.2). Post metamorphic 
fabrics are probably Carboniferous and produced by Alleghanian ductile deformation 
(Kunk et al., 2006).  During the Alleghanian many of the low angle faults in the area 
were reactivated, resulting in greenschist facies recrystallization of meta-sedimentary 
rocks of the Ocoee Series (Hadley and Goldsmith, 1963; Montes, 1997). Retrograde 
40
Ar-
39
Ar crystallization ages of ~ 350 to 330 Ma were obtained from fine-grained white mica 
in mylonites in the study area (Kunk et al., 2006).  
B. Purpose of Study 
Within the area of interest there are two long standing geologic problems that 
remain open to interpretation. Mapping of the CCG quad will allow investigation and 
possible resolution of these two problems. The main hypotheses to be tested are: 
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1. The Greenbrier Fault is a pre-metamorphic thrust with ~24 km of 
displacement between the underlying Snowbird and overlying Great Smoky 
Groups. 
This interpretation was originally proposed by Hadley and Goldsmith (1963). 
Based on their mapping, Hadley and Goldsmith documented an apparent southward 
decrease in stratigraphic thickness in the Snowbird Group (Fig. 1.3). They interpreted the 
variation in thickness to be an original stratigraphic thickness change (Montes and 
Hatcher, 1999). By restoring the southward pinchout of the Snowbird Group to its 
inferred original location, Hadley and Goldsmith (1963) proposed that a belt of Snowbird 
no less than 15 miles wide is missing and presently overlain by the Great Smoky group. 
Therefore, the Greenbrier Fault must have transported the Great Smoky Group this 
distance. This is only the case if the stratigraphic thinning of the Snowbird Group is 
known and is gradual, as opposed to being stepped by basin border faults. The Greenbrier 
fault is proposed to have an average dip ranging from 25-35° S. Using this dip and the 
“questionable assumption that the rate of thickening of the Snowbird is approximately 
known, and that no important erosion of the group occurred before faulting” (Hadley and 
Goldsmith, 1963), Montes and Hatcher (1999) state that “a stratigraphic taper angle of 
about 3.5 degrees is assumed in order to postulate 24 km of displacement” (Fig. 1.3). 
Therefore if the assumed stratigraphic taper angle is incorrect, there has been substantial 
erosion of the Snowbird Group, or the dip of these units change with depth, then the 
original thickness of the Snowbird Group cannot be constrained.  
This hypothesis has since been questioned and posed as unnecessarily complex. 
Clemons and Moecher (2008, 2009) interpreted the Greenbrier Fault to result from post-
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metamorphic slip along the depositional contact of the Snowbird and Great Smoky 
Groups during Alleghanian folding. The lithologic differences between the two 
(Snowbird: primarily laminated to thinly bedded metasiltstones; Great Smoky: primarily 
coarse-grained, thick bedded feldspathic sandstones and conglomerates) imparts a 
marked difference in competency (more competent Great Smoky Group underlain by less 
competent Snowbird Group) that could allow slip and differential folding between units.  
The slip cannot be constrained but must be strikingly smaller (0 to 1 km) than that of the 
proposed ~24 km slip of by Hadley and Goldsmith (1963). 
2. What is the relationship of regional metamorphism, expressed by the growth 
of porphyroblastic index minerals, to foliation development in pelitic 
metasediments. I.e., did porphyroblast growth (reflecting heating and 
movement of isotherms through the crust) occur pre-, syn-, or post folding and 
foliation development? 
Taconian metamorphism is inferred to be responsible for the majority of 
microstructural fabrics seen within the rocks of the Snowbird and Great Smoky groups in 
the Great Smoky Mountains area (Hadley and Goldsmith, 1963; Clemons, 2006; Kunk et 
al., 2006; Clemons and Moecher, 2008, 2009). Rocks within the CCG quadrangle show 
evidence of foliation at the meso- and microscopic scale. Because of variations in host 
rock competency and composition, foliations are typically more strongly developed in the 
Snowbird Group (Clemons, 2006). 
By using the presence and orientation of matrix foliations relative to relict 
foliations that may be included in garnet, the timing of deformation of the rocks within 
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CCG can be hypothesized. Foliations represent folding events, which correspond to 
phases of deformation, whereas porphyroblast growth represents heating events. By using 
detailed petrography the regional folding events can be identified and correlated by the 
orientation of matrix foliations and included foliations. 
3. Compression of the metamorphic isograds in the eastern Great Smoky 
Mountains results from folding or ductile faulting (both?) associated with late 
retrograde ductile thrusting.  
As seen in Figure 2 the metamorphic isograds have been deflected and compressed 
(i.e. the map distance between isograds is smaller) within the eastern Great Smoky region. 
This compression is most extreme between the staurolite and kyanite isograds. The 
staurolite-kyanite isograd compression could be the result of syn-metamorphic processes. 
Variations in thermal conditions and heat flow can produce a “real” narrowing of 
isograds as a result of higher geothermal gradient. Various post-metamorphic models 
could also explain these relationships, through the loss of material by means of folding or 
faulting. Post-metamorphic folding of the isotherms or faulting between the isograds 
could also explain a “real” compression, due to the steepening of isograds via folding or 
through reverse faulting. This would be much like faulting or folding a stratigraphic 
contact and viewing it in map-view, resulting in a shortening between contacts.   
If the isograds have been tilted (during post metamorphic events) and earth’s surface 
has been eroded perpendicular to the slope of the isograds, an “apparent” compression 
could cause a shortening of the isograds throughout the area. Due to the inconsistent 
topography throughout the area it is unlikely this could cause an apparent regional 
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compression as seen in Figure 1.2.  Mapping and data collection within the field area and 
just south of the area should produce data that can be used to test “real” or “apparent” 
proposed models of isograd compression.   
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Figure 1.1. General geology of the southern Appalachian Blue Ridge and adjacent 
terranes (after Rankin et al., 1990 and Moecher et al., 2011). CBR: Central Blue Ridge; 
EBR: Eastern Blue Ridge; GB: Grenville basement; GSG: Great Smoky Group; MB: 
Murphy Belt; SG: Snowbird Group; WBR: Western Blue Ridge; WCG: Walden Creek 
Group. Black: mainly mafic and ultramafic complexes; pink: Paleozoic metaplutonic 
complexes; light gray: paragneiss complexes; large outer black box: area of Figure 1.2; 
small black rectangle: area of Cove Creek Gap quadrangle.   
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Figure 1.2. Area contained within the large box in Figure 1.1. General geology of the 
Great Smoky Mountain region showing the location of the west half of the Cove Creek 
Gap 7.5’ quadrangle. Blue: Grenville basement; pink: Snowbird group; white: Great 
Smoky group; dashed red lines: metamorphic isograds. The contact between the GSG and 
SBG is defined as the Greenbrier fault (after Hadley and Goldsmith, 1963).  
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CHAPTER II. PREVIOUS WORK  
A.  Introduction  
 An effort to complete large scale geologic mapping of the Great Smoky 
Mountains (GSMNP) National Park began with the U.S.G.S. mapping program, led by 
P.B. King (1958). This project included geologic bedrock mapping of the Eastern Great 
Smoky Mountains at the 1:62,500 scale by J. B. Hadley and R. Goldsmith (1963). After 
the mid-1900’s, geologic bedrock mapping in the eastern Great Smoky Mountains slowed 
until Montes (1997) mapped the Greenbrier and Haysville faults in and around the Cove 
Creek Gap quadrangle, and Southworth et. al. (2005) revived large scale bedrock 
mapping with their publication of the 1:100,000 geologic bedrock map of the Great 
Smoky Mountains. Smaller scale (< 1:62,500 scale) geologic bedrock mapping has been 
sparse through the western Blue Ridge Mountains, however Hanna and Bradley mapped 
the east half of the Cove Creek Gap geologic quadrangle in 2009.  
B. Large Scale (1:62,500-1:100,000) Geologic Mapping of the Eastern Great Smoky 
Mountains 
1. Hadley and Goldsmith (1963)  
 The mapping and subsequent report on the Geology of the eastern Great Smoky 
Mountains, North Carolina and Tennessee by Jarvis B. Hadley and Richard Goldsmith 
(1963) provides a substantial base for the work presented here. The field work that 
provided the data for these publications was done as part of a larger study of the GSMNP 
and surrounding area by the U.S.G.S. under the direction of Philip B. King. Although the 
rocks within this area had been studied intermittently for the better part of a century 
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before the publication by Hadley and Goldsmith, an extensive geologic map and report 
had not been produced. This mapping effort was the first to geologically map the western 
half of the Cove Creek Gap quadrangle (area of interest), and discuss the proposed 
questions of this study.  
 Hadley and Goldsmith (1963) mapped the Greenbrier fault throughout the 
GSMNP and discuss its complications in their accompanying report. Their report states 
that “the Greenbrier fault is one of the most easily traceable contacts in the area” and 
that “the Greenbrier fault has been traced for nearly 90 miles” within the mapped area. 
Although the report indicates that the Greenbrier is easily traceable, they also observe 
that it is less easily traceable in more fine grained rocks, which include the rocks in the 
upper portion of the Rich Butt sandstone (uppermost Snowbird Group).  
 Hadley and Goldsmith (1963) also discuss the Paleozoic regional metamorphism 
of the Ocoee series. This work shows increasing metamorphic intensity from northwest to 
the southeast, and has been delineated by using the appearance of new textures, 
microstructures and the appearance of key metamorphic minerals in metapelites and 
underlying metaigneous rocks. Hadley and Goldsmith (1963) documented this succession 
of increasing metamorphism by placing metamorphic isograds at the first appearance of 
biotite, garnet, staurolite and kyanite (Fig. 1.2). 
 A serious limitation for delineation of isograds is that the protolith bulk 
composition most appropriate for formation of index minerals (pelitic shale or shaley 
siltstone) is not present throughout the entire map area. Much of the area is underlain by 
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feldspathic metasandstones and conglomerates of the Longarm and Roaring Fork 
formations.  
2. King et al. (1968)  
 Phillip B. King spearheaded the efforts of the large scale mapping of the GSMNP 
which included the work of: (1) the Eastern Great Smoky Mountains by Hadley and 
Goldsmith (1963); (2) the central Great Smoky Mountains by King (1964); (3) 
Richardson Cove and Jones Cove quadrangles by Hamilton (1961); (4) the western Great 
Smoky Mountains by Neuman and Nelson (1964). After these separate maps were 
completed they were then compiled into one large scale map and accompanying report by 
P. B. King, R. B. Neuman and J. B. Hadley (1968). King et al. (1968) provide a valuable 
resource when trying to understand the broad scale deposition and subsequent 
deformation of the Ocoee series. However, for efforts of this study, Hadley and 
Goldsmith’s (1963) portion of King et al.’s (1968) complete map was most pertinent.    
3. Southworth et. al. (2005, 2012) 
 The goal of Southworth et al.’s (2005) 1:100,000 scale geologic map of the 
GSMNP and surrounding areas was to selectively revisit bedrock contacts and revise 
them where necessary. This mapping effort and study was in response to a request by the 
National Park Service for use in interdisciplinary research, land management and 
interpretive programs for GSMNP visitors (Southworth et al., 2005, 2012). Southworth et 
al. picked specific, geologically problematic areas, investigated and reinterpreted them 
where necessary. Southworth et al.’s (2005) map was compiled from mapping done at the 
1:24,000 and 1:62,500 scale. Because the goal of this mapping was to revise the existing 
maps, the subsequent map of Southworth et al. (2005) is similar to the preceding map of 
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Hadley and Goldsmith (1963). Southworth et al. (2005) also mapped a significant amount 
of surficial deposits, including alluvium, colluvium and landslide deposits, which were 
not previously mapped. The accompanying report of Southworth et al. (2005) examines 
the lithologies, structure and deformation of the mapped area in detail. The revised map 
of Southworth et al. and accompanying report were published as a revision of Southworth 
et al., (2005) with only minor modifications in the present study area.   
C. Smaller Scale (1:24,000) Geologic Bedrock Mapping Adjacent to Study Area 
1. Hanna and Bradley (2009)   
Heather D. Hanna and Phillip J. Bradley produced the Bedrock Geologic Map of 
the East Half of the Cove Creek Gap 7.5’’ Quadrangle, North Carolina (2009) between 
June 2009 and September 2009. The eastern half of CCG was mapped at the 1:24,000 
scale in an effort to geologically map the landslide prone, Interstate-40 corridor.  Hanna 
and Bradley’s map (2009) correlates precisely with those of Hadley and Goldsmith (1963) 
and Southworth et al. (2005).  It appears as though Hanna and Bradley used stations and 
measurements taken by Hadley and Goldsmith (1963) and Southworth et al. (2005) in 
some of the more remote areas of the east half of CCG.  This map lies directly east of the 
study area and has provided substantial assistance in locating contacts and lithologies to 
the east of the mapping area, allowing them to be traced into the west half of CCG. 
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CHAPTER III. DECRIPTIONS OF MAP UNITS  
A. Middle Proterozoic Leucogranite (Yl) 
The leucogranite (unit Yl) present in the southeastern portion of the mapping area is 
part of the larger basement complex in the eastern Great Smoky Mountains, which 
includes the Max Patch Granite and the Spring Creek Gneiss. Southworth et al. (2012) 
included the Max Patch granite, and subsequently the leucogranite found in the SE 
corner of the mapping area, in their Pigeon River Belt (PRB) (Fig. 3.1). Hadley and 
Goldsmith (1963) originally referred to these rocks as the “Ravensford body”.  
Aleinikoff et al. (2007) dated rocks from the PRB at the head of Big Cove and derived a 
SHRIMP U-Pb zircon age of 1,022 ± 5 Ma, which makes the PRB one of the youngest 
known Mesoproterozoic rock complexes in the Blue Ridge of Tennessee, North 
Carolina, and Virginia (Southworth et al., 2012). It is important to note that no outcrops 
of the Yl were observed within the present mapping area, however float stations, 
previous maps showing the Yl (Hadley and Goldsmith, 1963; King et al., 1968; 
Southworth et al., 2005; Hanna and Bradley, 2009; Southworth et al., 2012) and 
outcrops observed less than 500 m from the SE corner allow the location and contacts of 
the Yl to be inferred.  
The leucogranite is characterized by a variably foliated light gray to white, medium 
to coarse-grained granite. The granite is locally porphyritic (Fig. 3.2; 3.3). Where the 
granite crops out it is massive to strongly foliated and protomylonitic (Fig. 3.4).  
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B. Late Proterozoic Snowbird Group 
The Snowbird Group (SBG) comprises the majority of metasedimentary rocks found 
within the study area. The SBG is described as a conformable sequence of feldspathic 
sandstones, siltstones, and argillaceous rocks that lie unconformably on basement rocks 
throughout the GSM (King et. al., 1955).The Snowbird group was divided into 
subsequent formations by King et. al. (1958), from the Snowbird formation originally 
defined by Keith (1904). The individual formations of the SBG, locally and regionally 
intergrade and interfinger with each other along strike. The complex nature of the 
formations that comprise the SBG created minor discrepancies among individual mappers, 
however the overall strike and contact relationships of the individual formations remain 
relatively constant (Hadley and Goldsmith, 1963; Southworth et. al., 2005; Hanna and 
Bradley, 2009; Plate 1). Although all of the rocks within the SBG have been 
metamorphosed to varying degrees, many of the original sedimentary structures (e.g. 
bedding, graded bedding, cross bedding, soft-sedimentary deformation, etc.) and textures 
have been preserved.  Therefore, sedimentary rock terms such as “sandstone,” “arkose,” 
“graywacke,” “conglomerate,” and “pelite” are used when describing SBG lithologies 
(Hadley and Goldsmith, 1963). Mineralogical and chemical compositions based on the 
work of Hadley and Goldsmith (1963) and provenance studies of Chakraborty et al. 
(2010), suggest that the source rocks of the SBG are similar to the basement complex of 
the present day southeastern Great Smoky Mountains.  
1. Wading Branch Formation (Zswb) 
Originally defined in King et. al. (1958), this unit defines the base of the Snowbird group. 
The formation is named for Wading Branch Ridge northwest of Walters Lake, which is 
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located in the east half of the Cove Creek Gap quadrangle. The Wading Branch 
Formation is inferred to rest unconformably on basement rocks throughout much of the 
Great Smoky Mountains.  For the purpose of this study the Wading Branch Formation 
has been split into three distinct lithologies.   
1a. Wading Branch Meta-grussite (Zswbg) 
The Wading Branch meta-grussite (defined here) has previously been mapped as a 
mylonitized unit of the Maxpatch Granite (Hadley and Goldsmith, 1963; Southworth et 
al., 2005; Hanna and Bradley, 2009). Based on field observations and petrographic 
analysis, it is proposed here that this unit represents the eroded products of the 
Mesoproterozoic, “Grenvillian” age granitic basement (Maxpatch Granite), without 
significant chemical weathering and transport. These rocks closely resemble the 
mineralogical makeup of the basement rocks, but are often protomylonitic to mylonitic, 
making them difficult to differentiate from the nearby basement complexes (Tull, 2007). 
Tull (2007), referring to the equivalent rocks in northern Georgia, states “that it is 
difficult to differentiate them (gruss) from basement at localities where the contact zone 
is highly strained.” Hadley and Goldsmith (1963) make a similar observation of the basal 
units of the Wading Branch formation, stating that “the notably high alumina and low 
feldspar content of the basal phyllite and schist of the Wading Branch and the 
predominance of quartz fragments in its lower beds suggest that these rocks were formed 
from residual soil produced by prolonged weathering of the basement rocks.” These 
observations led to the previous classification of the meta-grussite as a mylonitized 
portion of the Maxpatch Granite, as this unit is only found within the study area where it 
is confined by the Cold Springs High Strain Zone. 
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The Wading Branch meta-grussite consists of a variably metamorphosed, mylonitic 
granitic wash, which results from in situ disintegration of the Maxpatch Granite (LaForge, 
1919). It is characterized by coarse- to gravel sized, light pink to tan feldspar clasts, lithic 
clasts consisting of quartz + feldspar (i.e., granitic pebbles), interlayered with fine grained 
micas. The grussite is also characterized by dynamically recrystallized quartz to 
protomylonitic leucogranite clasts surrounded by biotite folia (Fig. 3.5). 
1b. Wading Branch Graywacke (Zswb) 
The Wading Branch meta-graywacke is rarely observed in the study area; however it 
is the protolith for the Wading Branch phyllite, which comprises the majority of the 
Wading Branch formation within the study area. The graywacke is variably 
metamorphosed and composed of medium to coarse-grained, poorly sorted, angular to 
subrounded, white to pink feldspar clasts and poorly sorted rounded to subrounded quartz 
grains. The meta-graywacke can have medium to thick beds, which are locally graded 
(Hanna and Bradley, 2009) (Fig. 3.6).     
1c. Wading Branch Phylite (Zswbp) 
The Wading branch phyllite is widespread within the study area and is a result of the 
metamorphism of its protolith, the Wading Branch graywacke. The phyllite consists of 
laminated beds, which are greenish-gray to dark brownish-gray locally interbedded with 
less metamorphosed graywacke. The Zswbp is predominantly found within the Cold 
Springs High Strain Zone, where it appears to have taken up a large amount of the 
deformation between outcrop belts of the more competent Longarm Quartzite (Fig. 3.7, 
3.8).  
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3. Longarm Quartzite (Zsl)  
Originally defined in King et. al. (1958), the Longarm Quartzite conformably 
overlies the Zswb where the contact is not concealed or faulted. Where the contact is seen 
it appears to be gradational over a scale varying from meters to tens of meters. The type 
Zsl section is located just east of the study area on the northernmost slope of Longarm 
Mountain. The Longarm quartzite is one of the most resistant formations of the SBG, and 
forms several of the large ridges in the study area (Longarm Mountain, Noland Mountain, 
and Scottish Mountain) (Hadley and Goldsmith, 1963).  
The Zsl is composed primarily of coarse- to very coarse arkosic and feldspathic 
sandstone. The arkosic and feldspathic sandstones vary in color from light pinkish white 
to golden tan. Blue quartz grains occur locally throughout the formation. Bedding in the 
Zsl commonly ranges from medium- to thickly bedded, with interlayers of metasiltstone 
and slate (Fig. 3.9).  
Many of the sedimentary structures (e.g. medium scale cross bedding) within the Zsl 
have been preserved. The preservation of these sedimentary structures makes the Zsl 
especially useful as a marker for upright vs. overturned beds. Soft sediment deformation 
and syn-sedimentary slumping of beds are typical of the Zsl. This folding and slumping 
along with post-sedimentary folding can make distinguishing upright beds challenging in 
some areas even with the aid of cross beds (Fig. 3.10). Ripple marks on bedding surfaces 
and ripple-scale crossbedding were not observed in the study area, which agrees with 
Hadley and Goldsmith’s (1963) original observations.  
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The Zsl is variably metamorphosed throughout the field area, however much of this 
metamorphism is concealed by its lack of pelitic layers.  Where these pelitic and shale 
layers are seen they are typically metamorphosed into slates or metasiltstones. These 
pelitic layers aid in delineating isograds across the areas otherwise devoid of index 
minerals.     
4. Roaring Fork Sandstone (Zsrf) 
The Roaring Fork Sandstone lies conformably over the Zsl throughout the majority 
of the study area. The contact is defined by a gradational change between the coarser 
grained, light pinkish white rocks of the Zsl into the more fine-grained, darker sandstones 
of the Zsrf. The Zsrf was originally defined by King et. al. (1958) and is named for its 
type locality, Roaring Fork, a tributary of the West Fork of the Little Pigeon River 
southeast of Gatlinburg, TN.   
The Zsrf is composed primarily of medium- to coarse grained feldspathic sandstone 
and metasiltstones with subordinate layers of schist and phyllite. The feldspathic 
sandstones and siltstones are overall darker and more fine-grained than that of the 
underlying Zsl. The color of the clastic layers within the Zsrf range from light gray to a 
dark bluish gray, and are composed of fine- to medium-grained quartz and feldspar grains.  
The Zsrf is thin- to thick-bedded, and is locally separated by graded, thickly bedded 
pebbly sequences. Most quartz grains are clear and colorless to light gray, but blue quartz 
is abundant within these pebbly sequences (Fig. 3.11). The Zsrf does not exhibit the same 
abundance of sedimentary structures that are seen within the Zsl, however inconspicuous 
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cross beds can be seen locally. However, graded bedding seems to be more abundant 
throughout the Zsrf.  
The Zsrf is variably metamorphosed throughout the study area, however this 
formation, like the Zsl, lacks index minerals except in pelitic interlayers throughout the 
formation, due to its non-pelitic nature. Interlayers throughout the sequence consist of 
thin- to thick-beds of garnetiferous quartz-biotite schist, phyllite, and unfoliated 
metasandstone beds preserving bedding and ripple cross lamination. These layers record 
much of the metamorphic history of the study area because of the lack of index minerals 
found within surrounding formations (Fig. 3.12).      
5. Pigeon Siltstone (Zsp) 
The Pigeon siltstone as defined by King et. al. (1958) was adapted from the Pigeon 
Slate of Keith (1895). The Zsp was named for exposures along the Little Pigeon River 
just north of Great Smoky Mountains National Park. The Pigeon siltstone is a little seen 
formation within the study area, however where it occurs it lies conformably above and is 
interbedded with the Zsrf.  
The Zsp continues the fining upward sequence of the SBG. It is composed primarily 
of a variably metamorphosed siltstone. The siltstone is typically dark tan to dark brown, 
and fine grained. Very thin- to thin- nodular beds are characteristic of the silt layers and 
typically wrap around sub-ordinate layers of dark tan to dark brown, fine-grained 
feldspathic sandstones.  These sandstones are typically wavy- to nodular-bedded (Fig. 
3.13). Because of the Zsp’s silty layers, index minerals would be expected, however 
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because of its location (north central) in the study area and limited exposure, index 
minerals (porphyroblasts of biotite and garnet) are rare. 
6. Rich Butt Sandstone (Zsrb)  
The Rich Butt Sandstone conformably overlies the Zsp in the northern portion of the 
study area, and the Zsrf throughout much of the western extent of the field area. The Zsrb 
was originally named by King et. al. (1958) and is named for Rich Butt Mountain, a spur 
on the north side of Mount Cammerer. While the Zsrb is named for this prominent spur, 
its type locality is generally recognized as the southeast side of Big Creek near the 
community of Mount Sterling (Hadley and Goldsmith, 1963), just north of and outside 
the study area. The Zsrb was originally not included in the Snowbird group, because of 
its contrasting features of composition and bedding, which suggest a transition between 
the SBG and GSG (King et. al., 1958; Hadley and Goldsmith, 1963). It has since been 
included as the uppermost formation of the SBG (Southworth et. al., 2005) and will 
continue to be referenced as such here. In the large scale maps of Hadley and Goldsmith 
(1963) and Southworth et. al. (2005), the Zsrb is commonly split into two members; the 
Rich Butt metasandstone and the Rich Butt metapelite. These members are gradational 
and interbedded throughout the study area and have thus not been divided in this study.  
The Rich Butt sandstone is composed of a dark tan to dark brown, fine-grained 
feldspathic sandstone. The formation is commonly wavy to nodular and very thin- to 
thinly bedded, with sharp contacts with abundant interlayers of siltstone. The siltstone is 
composed of dark greenish gray, very fine-grained sediment. Much like the sandstone 
layers of the Zsrb, the interbeds of siltstone are thinly bedded to laminated, and 
commonly have wavy contacts (Fig. 3.14).   
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C. Late Proterozoic Great Smoky Group 
The eastern Great Smoky Mountains are underlain by a thick clastic sequence 
known as the Great Smoky Group. This group was originally named the Great Smoky 
Conglomerate by Keith (1895), which was subsequently divided into the Elkmont 
Sandstone (oldest), Thunderhead Sandstone, and Anakeesta formation (youngest) by 
Hadley and Goldsmith (1963). The Thunderhead sandstone is the only formation of the 
GSG seen within the study area, because of the discontinuous nature of the basal, 
Elkmont formation.  
1. Thunderhead Sandstone (Zgt)  
The Thunderhead sandstone is named for Thunderhead Mountain in the western part 
of GSMNP and is one of the most extensive units in the GSM. Because of its high 
resistance to erosion the Zgt caps some of the highest mountains within the Park (Mount 
LeConte, Mount Guyot, Mount Cammerer and Mount Sterling). The Zgt makes up much 
of the western edge of the report area and although it is commonly seen creating rugged 
outcrops throughout surrounding areas it is rarely observed to crop out in the field area.  
The Zgt is composed of thick- to massively-bedded light gray to gray sandstone and 
conglomerate. Beds of the Zgt are commonly mottled with white to light blue quartz and 
white to light pink feldspar grains. Bedding in the Zgt is typically massive and 
gradational. The gradational beds grade from conglomerates into fine grained sandstones 
and are commonly capped by thin to medium-beds of shale.  
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Figure 3.1. General geology of the Great Smoky Mountain region showing location of 
the Mesoproterozoic Pigeon River belt, which includes the leucogranite seen in the SE 
corner of the mapping area (modified from Southworth et al., 2012).  
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Figure 3.2. Hand sample of the leucogranite.   
 
Figure 3.3. Hand sample of leucogranite, from the outcrop shown in Figure 3.4. Crystals 
of white K-feldspar, plagioclase, quartz, biotite, and muscovite can be seen.  
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Figure 3.4. Outcrop of leucogranite just outside of the SE corner of the mapping area. 
The steeply dipping planar features (S1) are mylonitic foliation found within the 
luecogranite that is parallel to the regional NE-strking trend of other planar features in the 
map area. 
 
 
Figure 3.5. Hand sample of protomylonitic Wading Branch grussite, found within the 
Cold Spring high strain zone. Face shown is cut perpendicular to foliation and parallel to 
lineation. 
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Figure 3.6. Hand sample of Wading Branch (Zswb). Surface is foliation plane of 
protomylonitic Zswb and lineation is defined by fractured feldspar grain trails, elongate 
quartz and biotite streaks.  
 
Figure 3.7. Hand sample of deformed Wading Branch phyllite, showing cm scale folds. 
 
Figure 3.8. Hand sample of typical Wading Branch phyllite, showing a foliation (S1) 
defined by the mica rich matrix, and an abundance of garnets.  
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Figure 3.9. Hand sample of coarse-grained to pebbly Longarm quartzite. White grains 
are alkali feldspar.  
 
Figure 3.10. Outcrop photo of the Longarm quartzite, showing cross bedding, indicating 
upright beds.  
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Figure 3.11. Hand sample photo Roaring Fork sandstone (Zsrf). Showing a blue quartz 
pebble-rich interlayer within the Zsrf. Where seen these coarse-grained layers represent 
the base of coarsening upward sequences and can be used to determine the upright 
direction of bedding. 
 
Figure 3.12. Hand sample photo of garnet-bearing layers within the Roaring Fork 
sandstone (Zsrf). The planar features are bedding planes (S0) within the Zsrf.   
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Figure 3.13. Hand sample photo of the Pigeon siltstone, showing the relationship 
between sand and silt laminae.  
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Figure 3.14. Outcrop photo of the Rich Butt sandstone, showing wavy sand and silt 
layers. 
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CHAPTER IV. PETROLOGY OF MAP UNITS 
A. Introduction 
Petrologic analyses were performed for each formation identified in the mapping 
area. These analyses included examining hand samples in reflected light and thin 
sections on the petrographic microscope. These analyses were performed to document 
macro- and micro-structure and mineral assemblages to infer the metamorphic history. 
A total of 36 thin sections and their accompanying hand samples were examined. 
Petrologic description for each formation follow below and a complete list of mineral 
assemblages in each sample can be found in Appendix A. Locations of individual 
samples are shown on Figure 4.1.      
B. Mesoproterozoic Leucogranite (Yl) 
CCG13-11: 
 This sample of leucogranite was collected from an outcrop just outside of the 
mapping area, near Sal Patch Gap in the GSMNP. This sample of leucogranite is a 
slightly metamorphosed, medium- to coarse-grained, locally porphyritic biotite granite. 
This sample shows a very slight foliation in hand sample, produced by thin layers of 
mica (Fig 3.2, 3.3). The mineral assemblage for this sample is quartz + plagioclase + 
microcline + biotite + muscovite with minor amounts of epidote, sericite, hornblende, 
apatite, allanite, zircon, and opaque minerals. Textural evidence for metamorphism 
includes polycrystalline quartz, flattened quartz grains and inconspicuous compositional 
layering of quartz/feldspar grains and thin layers of mica. 
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C. Neoproterozoic Snowbird Group 
1. Wading Branch Formation 
1a. Wading Branch Meta-grussite (Zswbg) 
CCG13-17, CCG13-21: 
 These samples are from the protomylonitic meta-grussite member of the Wading 
Branch Formation. These samples are coarse grained and feldspathic. The mineral 
assemblage for these samples is quartz + plagioclase + microcline + muscovite + biotite + 
epidote, with minor amounts of chlorite, sericite and opaque minerals. Quartz is fine- to 
coarse-grained, with smaller polycrystalline grains surrounding larger grains which show 
strong undulose extinction. Quartz grains have experienced a significant amount of 
ductile deformation, resulting in complete grain boundary migration recrystallization (Fig 
4.2a). The feldspars have experienced brittle deformation, and show fractures within 
select grains. Feldspar grains have experienced a significant amount of replacement by 
sericite. Feldspars are sub-angular to sub-rounded and may be highly spherical (Fig 4.2b).  
1b. Wading Branch Graywacke 
CCG12-3, CCG13-19: 
 These samples are typical of the relatively undeformed Wading Branch Formation. 
The matrix is fine-grained muscovite + biotite + chlorite + quartz, with minor amounts of 
opaque minerals and ± zircon. Quartz is typically flattened and is found in bands and in 
pressure shadows around porphyroblasts of biotite and garnet. The mica matrix defines a 
foliation that wraps around the porphyroblasts. Pressure shadows of quartz are commonly 
seen adjacent to porphyroblasts. Chloritoid porphyroblasts are xenoblastic, whereas 
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garnet porphyroblasts are idioblastic. Porphyroblasts of garnet are poikiloblastic 
exclusively with quartz inclusions. Sigmoidal quartz inclusion trails are present within 
the garnets in sample CCG12-3 (Fig 4.3). Sample CCG13-19 contains porphyroblasts of 
chloritoid and garnet. Retrograde chlorite has locally replaced patches of the chloritoid 
crystals. The mica matrix defines a strong foliation that wraps around the porphyroblasts. 
Pressure shadows of quartz are commonly seen adjacent to porphyroblasts. Chloritoid 
porphyroblasts are sub- to idioblastic, whereas garnet porphyroblasts are idioblastic. 
Where present, chloritoid is oriented so its long axis is parallel with the foliation (Fig 4.4). 
Porphyroblasts are poikiloblastic exclusively with quartz inclusions.  
1c. Wading Branch Phyllite (Zswbp) 
CCG12-2, CCG13-16: 
 These samples are from the phyllite member of the Wading Branch, and are 
especially micaceous with strong phyllitic fabrics. The mineral assemblage is biotite + 
muscovite + chlorite + quartz, with minor amounts of zircon and opaque minerals. Quartz 
has been flattened and ductilely deformed in these samples. In sample CCG12-2 quartz 
grains have experienced grain boundary migration (Fig 4.5). The quartz grains in sample 
CCG13-16 have experienced subgrain rotation recrystallization and are found in 
continuous thin continuous layers (Fig 4.6). Recrystallized quartz is found in thin, 
discontinuous layers and lenses in both samples. Porphyroblasts in CCG12-2 include 
medium- to coarse-grained, idioblastic garnet and fine- to medium-gained, idioblastic 
biotite. In this sample the mica matrix wraps around the porphyroblasts. Pressure 
shadows of muscovite + quartz + chlorite can be seen adjacent to garnet porphyroblasts 
(Fig. 4.7). Sample CCG13-16 contains macroscopic and microscopic crenulations. The 
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macroscopic crenulations are defined by alternating layers of quartz and mica (Fig 4.6). 
The microscopic crenulations are seen only in the micaceous layers and are defined by 
the folding of blades of mica and opaque minerals (Fig 4.6).    
2. Longarm Quartzite (Zsl)  
CCG12-4, CCG13-5: 
These samples of the Longarm quartzite are from more argillaceous layers of the 
Zsl and differ from typical Zsl by their relative lack of detrital feldspar and being more 
mica-rich. The mica matrix defines a strong foliation within the samples. A distinct C-
fabric is evident in CCG12-4, with a weak S fabric beginning to form (Fig 4.8). The Zsl 
has a mineral assemblage of quartz + muscovite + biotite, and minor minerals including 
epidote, plagioclase, chlorite, opaques and detrital zircon. Quartz has experienced 
subgrain rotation recrystallization, being flattened and deformed into quartz ribbons. 
Porphyroblasts of biotite, chloritoid, and garnet can be found in the more micaceous 
layers. Porphyroblasts are idioblastic and poikiloblastic with inclusions of quartz. 
Pressure shadows are present adjacent to garnet porphyroblasts, and are typically filled 
with quartz ± chlorite. CCG13-5 is made up of quartz + biotite + muscovite with minor 
amounts of opaques, chlorite and zircon. Sample CCG13-5 is less deformed than that of 
CCG12-4, however it still shows signs of subgrain rotation recrystallization within quartz 
grains. Quartz grains have not been deformed into distinctive bands like in CCG12-4. 
CCG13-5 only contains xenoblastic biotite with quartz inclusions, but no garnet 
porphyroblasts. 
CCG13-15, CCG13-18: 
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 These samples are more typical of the Zsl. They are rich in quartz and feldspar, 
and coarser grained than the previously described samples of Zsl. Their mineral 
assemblage is quartz + plagioclase + microcline ± muscovite ± biotite, with minor 
amounts of chlorite, sericite and opaques. Within sample CCG13-18 (Fig. 4.9) quartz 
grains are fine to medium grained. Quartz grains have been slightly flattened, plastically 
deformed due to subgrain rotation recrystallization, and are now polycrystalline. Feldspar 
grains are fine- to medium-grained. Brittle fracturing can be seen throughout select 
feldspar grains. Grains of feldspar are typically sub-angular to sub-rounded. Sample 
CCG13-15 has experienced a large amount of deformation from ductile shearing and is a 
protomylonite (Fig 4.10). Quartz grains have been strongly flattened, plastically 
deformed due to grain boundary migration recrystallization, and are locally 
polycrystalline. Feldspar grains are more abundant than in sample CCG13-18, and are 
medium- to coarse-grained. The feldspars exhibit evidence of brittle fracturing. Sericite is 
commonly seen replacing the edges of feldspar grains.  
3. Roaring Fork Sandstone (Zsrf) 
CCG13-1, CCG13-2: 
 These samples are of typical Roaring Fork Sandstone. They have a mineral 
assemblage of quartz + biotite + muscovite, with minor amounts of plagioclase, 
microcline and opaque minerals. Quartz is typically fine grained, and in CCG13-2 is 
locally polycrystalline. The mica matrix is formed by fine blades, which wrap around 
quartz grains and the porphyroblasts. Porphyroblasts include idioblastic garnet with linear 
inclusion trails of quartz that are parallel with the matrix foliation (Fig.4.11). No obvious 
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metamorphic fabrics are apparent, however bedding is distinguishable in plane polarized 
light.  
CCG13-A, CCG13-6, CCG13-7: 
 These samples are of weakly foliated, mica rich Roaring Fork Sandstone. They 
have a mineral assemblage of quartz + biotite + muscovite, with minor amounts of ± 
chlorite, ± plagioclase, ± zircon, and opaque minerals. Quartz grains are typically fine 
grain, flattened and are polycrystalline. The mica matrix is composed of fine grained 
blades of muscovite and biotite that wrap around porphyroblasts. Where chlorite is 
present it is typically found in pressure shadows around garnet.   Samples CCG13-A and 
CCG13-7 have porphyroblasts of biotite and garnet, whereas no porphyroblasts are seen 
in CCG13-6. Porphyroblasts of garnet are coarse-grained, xeno- to idioblastic and 
inclusion-rich. The quartz inclusions are linear and parallel with the matrix foliation. 
Biotite porphyroblasts consist of coarse-grained tabs that are xenoblastic. In sample 
CCG13-7 garnet crystals are seen overgrowing the tabs of biotite, and the reaction of 
biotite to garnet is evident (Fig. 4.12). A weak foliation defined by flattened quartz and 
the mica matrix is evident in all of the samples (Fig. 4.13).  
4. Pigeon Siltstone (Zsp) 
CCG12-1: 
 This sample of the Pigeon siltstone is typical of the formation. It is made up of 
alternating bands of quartz and mica rich layers. This sample has a mineral assemblage of 
a fine grained biotite + quartz + muscovite, with minor amounts of zircon and opaque 
minerals. Quartz is polycrystalline and the bands have been stretched to form slight 
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boudins (Fig 4.14). Porphyroblasts of garnet and biotite are found within the sample. The 
biotite porphyroblasts are idioblastic and are medium- to coarse-grained. These biotite 
porphyroblasts have been rotated and form “mica fish”. The garnets are fine- to coarse-
grained and are subidio- to idioblastic. The garnets contain faint sigmoidal inclusion trails 
of quartz. A well-developed S-C fabric can be observed within this sample and is defined 
by flattened quartz grains and the fine grained mica matrix (Fig.4.15).  
5. Rich Butt Sandstone (Zsrb)  
CCG13-B, CCG13-D, CCG13-3, CCG13-4, CCG13-12, CCG13-23:  
 These samples are of typical Rich Butt sandstone. They have a mineral 
assemblage of quartz + muscovite + biotite ± garnet ± chloritoid ± plagioclase, with 
minor amounts of zircon and opaque minerals. Quartz grains are typically fine- to 
medium-grained, and show signs of bulging recrystallization (Fig.4.16), and localized 
subgrain rotation recrystallization. Where present feldspar is fine-grained, and shows no 
signs of brittle deformation (i.e. fracturing). The matrix consists of fine blades of mostly 
muscovite. In samples CCG13-B and CCG13-23 the foliation formed by the mica matrix 
is cut off by porphyroblasts (Fig. 4.17). Garnet porphyroblasts are poikiloblastic 
exclusively with quartz.  In samples CCG13-3 and CCG13-23 retrograde chlorite can be 
seen replacing euhedral crystals of chloritoid (Fig 4.18). Bedding (S0) is evident in hand 
sample and in thin section. Foliation is parallel to bedding and is defined by flattened 
quartz grains and aligned blades of mica. In sample CCG13-3 a strong crenulation is 
exhibited by the micaceous matrix (Fig. 4.19). 
CCG13-13, CCG13-14: 
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 These samples of the Rich Butt sandstone contain a more biotite-rich micaceous 
matrix. This biotite-rich matrix makes the samples appear dark brown in hand sample and 
in thin section under PPL. The mineral assemblage is quartz + biotite, with minor 
amounts of muscovite ± hematite (?) and opaque minerals. The mica matrix is extremely 
fine- to fine-grained. The quartz grains are fine-grained and locally flattened. Quartz 
grains are almost exclusively found in thin quartz-rich layers. Grains of secondary 
hematite are inferred in sample CCG13-14, because of an abundance of iron staining seen 
in hand sample and in thin section. No porphyroblasts are seen in these samples. Bedding 
is defined by alternating laminae of extremely fine-grained biotite and fine-grained 
biotite and quartz. Foliation is parallel to bedding in these samples and is defined by the 
locally flattened quartz and aligned blades of biotite and muscovite.  
CCG13-E: 
This is an example of an extremely fine-grained sample of the Rich Butt 
Sandstone. The mineral assemblage of this sample is muscovite + quartz, with minor 
amounts of biotite, zircon and opaque minerals. The matrix consists of extremely fine-
grained muscovite, with minor amounts of biotite. The quartz grains are extremely fine 
grained and substantially flattened. The sample has porphyroblasts of coarse-grained, 
degraded tabs of biotite and fine-grained chloritoid crystals. Biotite porphyroblasts are 
xeno- to idioblastic quartz inclusion trails. Chloritoid can be seen growing within the 
biotite porphyroblasts and are xenoblastic. Bedding can be seen in PPL and XPL and a 
parallel foliation is defined by the muscovite matrix and flattened quartz grains (Fig 4.20). 
The foliation wraps around the biotite porphyroblasts.  
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D. Late Proterozoic Great Smoky Group 
1. Thunderhead Sandstone (Zgt)  
CCG13-22 
This sample of the Thunderhead sandstone is atypical of the formation. It is taken 
from an unusually fine-grained, well sorted, micaceous interbed between massive coarse-
grained sandstone beds. The mineral assemblage of this sample is quartz + muscovite + 
biotite + chloritoid, with minor amounts of plagioclase, epidote, zircon, and opaques. 
Biotite porphyroblasts are xeno- to subidioblastic and fine to medium-grained. The 
porphyroblasts of chloritoid are commonly seen growing within well-formed tabs of 
biotite. The chloritoid crystals are typically idioblastic and fine-grained. The quartz 
grains in this sample are slightly flattened and along with the micaceous matrix, define a 
very weak foliation.  
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Figure 4.1. Generalized 
geologic map of the west half of 
the CCG 7.5’ quadrangle 
showing sample locations and 
porphyroblasts present in rocks.  
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Figure 4.2. a) Photomicrograph of Zswbg showing polycrystalline qtz grains. Sample 
CCG13-21. b) Photomicrograph showing rounded feldspar grains. Sample CCG13-21 
(XPL). 
 
 Figure 4.3. Photomicrograph of the Wading Branch, containing spiral inclusions of 
quartz found within garnets. Sample CCG12-3 (XPL). 
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Figure 4.4. Photomicrograph of Zswb, showing the parallel alignment of the long axis of 
chloritoid with the foliation (S1) (XPL).  
 
Figure 4.5.Photomicrograph of the Zswbp of one of the thin, discontinuous quartz layers 
that have experience grain boundary migration recrystallization. Sample CCG12-2 (XPL). 
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Figure 4.6. Photomicrograph of the macroscopic crenulation defined by alternating 
quartz and mica-rich layers. Microscopic crenulations are seen only in the micaceous rich 
layers and are defined by the folding of blades of mica and opaque minerals. Sample 
CCG13-16 (XPL).  
 
Figure 4.7. Photomicrograph of the foliation (S1) wrapping around the (plucked) medium 
to coarse-grained idioblastic garnets. Pressure shadows of chlorite + quartz + muscovite 
can be seen adjacent to the garnet porphyroblasts. Sample CCG12-2 (XPL). 
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Figure 4.8. Photomicrograph of a weak S-C fabric forming in the Zsl, defined by fine-
grained muscovite and flattened quartz grains. Sample CCG12-4 (XPL). 
 
Figure 4.9. Photomicrograph of poorly sorted fine- to medium-grained Zsl. Quartz in this 
sample has undergone subgrain rotation recrystallization and are polycrystalline in nature. 
Select feldspar grains show signs of brittle deformation (i.e. fracturing). Sample CCG13-
18 (XPL) 
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Figure 4.10. Photomicrograph of deformed, protomylonitic Zsl and dynamic 
recrystallization and undulose extinction of highly strained quartz grains. Sample 
CCG13-15-2A (XPL). 
 
Figure 4.11. Photomicrograph of poikiloblastic garnets. Garnets are included exclusively 
with quartz. In this sample quartz inclusions define a planar fabric and show no signs of 
spiral inclusions, which are common within other samples. Sample CCG13-1 (XPL). 
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Figure 4.12. Photomicrograph of sample CCG13-7 in which xenoblastic garnet 
porphyroblasts and xenoblastic biotite grains (a) PPL (b) XPL. 
 
 
Figure 4.13. Photomicrograph of the Zsrf, showing a weak foliation formed by flattened 
quartz grains and the alignment of biotite and muscovite grains. Sample CCG13-7 (XPL). 
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Figure 4.14. Photomicrograph of sample CCG12-1, showing qtz bands that have been 
stretched to form boudins, indicating flattening and extension (a) XPL (b) PPL.  
 
Figure 4.15. Photomicrograph of sample CCG12-1, showing localized S-C fabrics 
formed by the biotite-rich matrix and flattened quartz grains (XPL). 
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Figure 4.16. Photomicrograph of bulging recrystallization between three quartz grains 
within a muscovite and biotite rich matrix. Sample CCG13-4 (XPL) 
 
Figure 4.17. Photomicrograph of poikiloblastic garnets, which cut off the weak foliation 
(S1) formed by the alignment of muscovite and biotite grains. Sample CCG13-23 (XPL). 
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Figure 4.18. Photomicrograph of samples CCG13-3 (a and b) and CCG13-23 (c and d), 
in which retrograde chlorite can be seen replacing idioblastic crystals of chloritoid  
 
Figure 4.19. Photomicrograph of a strong crenulation exhibited by the muscovite-rich 
matrix and aligned grains of quartz and opaque minerals. Sample CCG13-3 (XPL). 
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Figure 4.20. Photomicograph showing bedding (S0) and a parallel foliation is defined by 
the mica matrix and flattened qtz grains. XPL (a) PPL (b)  
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CHAPTER V. FIELD METHODS  
This project was conducted using advanced field data collection and mapping 
methods as well as standard methods. The latter includes measuring strike and dip of 
bedding planes, foliations and joints; and the bearing and plunge of crenulations, 
stretching lineations, and fold hinge lines. Traverses were made between September, 
2012 and April, 2013 along existing roads, old logging roads, creeks and ridges. Select 
traverses were accompanied by David P. Moecher (P.I. of the EDMAP project), who 
provided guidance and assistance during the selected traverses.  
Where deemed necessary, oriented rock samples were collected. The latter were 
used to prepare oriented thin sections, which allowed for the observation of 
microstructural and petrologic features in the correct spatial orientation. A total of 32 
samples were collected during field mapping, and 36 thin sections were prepared. This 
study also used thin sections from two previous studies: the M.S. thesis of Kit Clemons 
(2006) and samples collected by the University of Kentucky’s 2011 GLY 461 class 
(Igneous and Metamorphic Petrology) as part of the semester research project.  All field 
data and observations were recorded relative to location in Rite in the Rain®, all weather 
transit field books. A Holux® GPS receiver coupled with a Dell Axim® hand held PDA 
running ArcPad® was used to digitally and precisely record all data points and field 
stations. These data were regularly backed up on a laptop PC in Arcmap®. The use of 
PDA’s coupled with GPS receivers allowed for extremely accurate location positioning, 
aid in efficiently mapping broad areas, and locating positions of remote scattered outcrop. 
By using the data acquired while in the field, it was possible to use Arcmap® and Adobe 
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Illustrator® to construct a digital geologic map. A complete list of field station data can 
be found in Appendix B.  
Production of a 1:2400 geologic map of the study area allows for detailed field 
observations of contacts, structures and metamorphic relationships.  These observations 
can then be used to test the work of other previous mapping parties and provide 
constraints for the following questions: (1) whether the Greenbrier Fault is a pre-
metamorphic thrust fault that reflects ~24 km of displacement between the underlying 
Snowbird and overlying Great Smoky Groups (Hadley and Goldsmith, 1963; Clemons, 
2006; Clemons and Moecher, 2008, 2009); (2) what is the spatial distribution of regional 
metamorphic index minerals and what is their relationship to periods of deformation; (3) 
whether eastward narrowing of the apparent distance between metamorphic isograds in 
the eastern Great Smoky Mountains results from folding and/or ductile faulting 
associated with regional late Paleozoic, retrograde compression.  
Hadley and Goldsmith’s (1963) and Southworth et. al.’s (2005, 2012) large scale 
geologic maps provided invaluable guidance when initially mapping large scale 
structures and contacts within the mapping area. By having these large scale maps and 
accompanying reports, initial traverses were planned, and focused traverses could be 
planned in the more complex regions. Hanna and Bradley’s (2009) map of the east half of 
the CCG quadrangle also provided a reference to several of the contacts and structures on 
the eastern half of the study area. Most importantly it provided guidance in finding the 
sliver of Wadding Branch meta-grussite, just to the east of the field area.  
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A N-S traverse spanning the length of the CCG quadrangle along the old NC 284 
highway and forest service road (Fig. 5.1) was crucial to mapping efforts. By examining 
a semi-continuous series of outcrops along old NC 284, lithologies and structures within 
formations could be traced within more remote portions of the field area. Key portions of 
information seen along 284 include; (1) the majority of the formations contacts; (2) the 
Cataloochee Anticline; (3) the Cold Springs High Strain Zone; (4) the Caldwell Creek 
High Stain Zone.      
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Figure 5.1. Topographic map of 
the west half of the CCG 7.5’ 
quadrangle with old NC 285 
shown in red. Outcrops and road 
cuts along this road provided 
crucial data, after which other 
traverses could be planed  
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CHAPTER VI. RESULTS: MICROSTRUCTURES  
A. Metamorphic Overview  
The Ocoee units in the CCG quadrangle experienced dynamothermal 
metamorphism in the Middle Ordovician (Taconian orogeny) (Hadley and Goldsmith, 
1963; King, 1964; Moecher et al. 2004, 2005, 2007; Kunk et al., 2006; Anderson and 
Moecher, 2009). Regional Taconian Barrovian metamorphism in the Great Smoky 
Mountains region varies from greenschist facies in the foothills to upper amphibolite 
facies (Hadley and Goldsmith, 1963; Massey and Moecher, 2005; Clemons and Moecher, 
2008; Fig. 1.2). Regional metamorphic grade increases uniformly southward from biotite 
to kyanite grade within CCG quad, and cuts across strike throughout the area (Fig. 1.2). 
Within the specific map area of this study, however, the highest grade reached is garnet 
grade. The staurolite and kyanite isograds occur just south and east of the study area (Fig. 
1.2). 
B. Microstructural Relationships  
Sedimentary structures are typically inconspicuous in thin sections; however select 
samples preserve bedding. Bedding planes are typically defined by alternating layers of 
minerals or variation in grain size, as can be seen in figure 4.20. While bedding is evident 
in hand sample in much of the SBG and GSG, it is overprinted by metamorphic fabrics at 
the thin section scale. Bedding parallel foliation also makes bedding less conspicuous.   
Almost all rocks within the CCG quadrangle have a slight foliation at the thin section 
scale. However, due to variations in host rock competency and composition, foliations 
are typically more strongly developed in the SBG (Clemons, 2006). S/C fabrics are rare 
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within CCG quadrangle. Where S/C fabrics are seen they are commonly weak, and at 
relatively high angles to one another, as can be seen in figure 4.8.  
C. Porphyroblast-Matrix Microstructural Relationships as a Function of 
Metamorphic Grade  
Detailed examination of the porphyroblast-matrix microstructural relationships as a 
function of the southward increasing metamorphic grade allows for the addressing the 
question posed in the introduction:  
What is the relationship of regional metamorphism, expressed by the growth of 
porphyroblastic index minerals, to foliation development in pelitic metasediments. I.e., 
did porphyroblast growth (reflecting heating and movement of isotherms through the 
crust) occur pre-, syn-, or post folding and foliation development?  
The key observation within many metamorphic terranes is the presence and orientation of 
matrix foliations (Sn) relative to relict foliations that may be included in garnet (Si). 
Foliations represent folding events, which correspond to phases of deformation. 
Porphyroblast growth represents heating events. Regional folding events can be identified 
and correlated by the orientation of matrix foliations and included foliations. Figure 6.1 
(garnet-matrix) and Figure 6.2 (biotite and chloritoid-matrix) illustrate the pattern of the 
porphyroblast-matrix relationships in the study area. These figures clearly show that there 
is no direct spatial/coeval relationship between porphyroblast growth and foliation 
formation/matrix deformation that is consistent throughout the study area.  
  In various locations the dominant (S1) matrix foliation is variably deflected 
around porphyroblasts (Fig. 6.1 and 6.2). Examples of the S1 fabric wrapping around 
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garnets can be seen in Figure 6.1 (Fig. 6.1a, e, h, i, k, m) and examples of S1 fabric 
wrapping around biotite and chloritoid porphyroblasts can be seen in Figure 6.2 (Fig 6.2a, 
c, f, h, i, j).  The wrapping of the S1 fabric around porphyroblasts indicates pre- to syn- S1 
porphyroblast growth (Fig. 6.3). In these samples Si fabrics can range from parallel to 
perpendicular to S1. 
 In contrast to the above observation of S1 fabric wrapping the porphyroblasts, 
other samples show that S1 is cut off by the porphyroblast margin. Porphyroblasts that cut 
off the S1 fabric indicate post- S1 porphyroblast growth (Fig. 6.3). Examples of garnet 
porphyroblasts cutting off the S1 fabric can be seen in Figure 8.1 (Fig. 6.1c, d, e). 
Examples of biotite and chloritoid porphyroblasts cutting off the S1 fabrics are less 
common (Fig. 6.2i, j).  
Garnet porphyroblasts with curved to sigmoidal inclusion trails are in some 
samples present in the study area (Fig. 6.1l). These curved inclusion trails in garnet 
porphyroblasts seem to be localized within or near locations of faulting or shearing (i.e. 
CSHSZ and near the GF). Figure 6.4 demonstrates the process by which curved to 
sigmoidal inclusion trails may form within porphyroblasts.  
There has been considerable debate in the literature on whether curved to 
sigmoidal to spiral inclusion trails within porphyroblasts are reliable indicators of sense 
of shear of the matrix during porphyroblast growth. It has traditionally been accepted that 
they can be used to infer timing of porphyroblast growth and a sense of shear (Spry, 1963; 
Passchier et. al, 1992; Johnson, 1999). This interpretation has been questioned (Bell, 
1985; Bell et. al, 1992). The more recent interpretation of sigmoidal to spiral inclusion 
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trails within porphyroblasts proposes that porphyroblasts no not rotate, and the spiral 
inclusions are an expression of an early pre-garnet growth foliation that has been 
overprinted by a nearly orthogonal second foliation. While there has been recent debate 
of the use of inclusion trail foliations (Si) to delineate a sense of shear and thus syn-
tectonic growth and rotation of porphyroblasts, it appears likely that the garnets seen 
within the study area are a result of syn-tectonic growth and rotation. This is inferred 
based on: (1) the garnets obvious and pronounced sigmoidal inclusion trails; (2) the lack 
of evidence of previous crenulation fabrics prior to the formation of the S1 foliation fabric; 
(3) the correlatable sense of shear, based on the spiral Si fabrics and the rotation and 
alignment of other porphyroblasts (i.e. chloritoid and biotite).      
Rotation can also be inferred based on the alignment of elongate minerals 
(chloritoid and elongate tabs of biotite) to S1 (Fig. 6.2b, c, h, j) (Passchierr et. al, 1992).  
Mica fish of biotite porphyroblasts also provide a sense of shear (Fig. 6.2a, g) (ten 
Grotenhuis et. al, 2003). These large tabs are rotated and have their long axis aligned 
with the foliation. The rotation and alignment of these minerals is interpreted to be a 
result of post-metamorphic shearing.   
Several locations also contain kinked biotite porphyroblasts (Fig. 6.2d, e, k). The 
kinked biotite porphyroblasts do not have any geospatial preference, although within a 
given thin section the kink planes of biotite grains are parallel, and the matrix is often 
crenulated as well. These kinked biotite porphyroblasts are a result of ductile deformation 
accommodated by the porphyroblasts (Bell and Etheridge, 1973; Simpson, 1985). This 
indicates that the porphyroblasts were deformed post-porphyroblast growth.   
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Figure 6.1. Geologic map showing examples of garnet porphyroblasts found throughout 
the west half of the Cove Creek Gap 7.5” quadrangle. White lines represent foliation 
fabrics (S1), Red lines represent inclusion trails (Si) found within garnet porphyroblasts 
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Figure 6.2. Geologic map showing examples of biotite and chloritoid porphyroblasts 
found throughout the west half of the Cove Creek Gap 7.5” quadrangle. White lines 
represent foliation fabrics (S1). 
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Figure 6.3. Si (shown by red dashed line) characteristics of pre-, syn-, and post-kinematic 
porphyroblasts. Top row shows dextral shear strain, middle row shows extensional strain, 
bottom row shows compressional strain.  (After Zwart, 1962) 
 
Figure 6.4. Traditional interpretation of spiral inclusions (S1) in idioblastic garnet 
porphyroblasts. a. Original garnet growth over S1 fabric. a.-e. Porphyroblast growth and 
rotation due to sinistral shear, resulting in warped (b. and c.) to spiral inclusions (d. and 
e.). (After Spry, 1969) 
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CHAPTER VII. RESULTS: MESOSCOPIC STRUCTURES  
A. Bedding 
In general, bedding (S0) throughout the map area strikes N-S to NE-SW, with 
varying dip directions to the NW and SE. These contrasting dip directions define the 
Cataloochee Anticline. Dips in the area are typically steep (50-80°), except in the hinges 
of hand- to map-scale folds (Fig. 7.1). Because of the steeply dipping beds, contacts 
consistently cut across the topography of the region. There are two areas that diverge 
from the regional NE-SW trending strike directions: the extreme NW corner of the 
mapping area, where strike of bedding bends around the Alum Cave syncline and where 
bedding is deformed by open folds on top of and near the summit of Mt. Sterling.   
B. Foliation  
Foliation is most apparent in the more pelitic layers and units of the Snowbird 
group, however foliation can be observed locally throughout the study area. Depending 
on the host rocks, foliation can be observed in several different forms. Within the coarse 
grained sandstones of the Zsl and Zsrf foliation is defined by flattened quartz grains and 
pebbles (Fig. 7.2). These flattened grains define foliation in even the cleanest sandstones, 
and can make the sandstones highly fissile and susceptible to erosion (Hadley and 
Goldsmith, 1963).  Argillaceous layers and metamorphosed shale layers also provide 
foliation planes within the Zsl and Zsrf. In these layers, foliation is defined by the 
schistose to phyllitic alignment of micas and chlorite, and flattened quartz.  
 In the rocks of GSG (Thunderhead), foliation planes are less conspicuous, given 
their quartz-rich and coarse-grained nature. The rocks of the GSG have also experienced 
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much less metamorphism, because their location (NW-W side of the mapping area) is in 
the chlorite- to biotite-grade range. The metasiltstone layers within the Zgt exhibit a very 
weak foliation or slaty cleavage defined by alignment of sheet silicates and flattened 
quartz.   
A regionally consistent foliation (S1) runs throughout the mapping area. The 
foliation strikes NE-SW, with dips typically ranging from 40-80° to the east (Fig. 7.3). 
The strike and dip of S1 is approximately parallel with the axial plane of the Cataloochee 
Anticline.   Strike of foliation is approximately parallel to strike of bedding throughout 
the study area, and can have dips ranging from nearly perpendicular to parallel to 
eastward bedding dips. The oblique angles of foliation in relation to the westerly dipping 
beds occur almost exclusively to the north of the Cold Springs high strain zone in the 
northwestern limb of the Cataloochee anticline.  Foliation is not folded (Fig. 6.4 and 6.5), 
and variations in foliation dip seem to be a result of variations in competence (Hadley 
and Goldsmith, 1963).  
C. Folds  
1. Cataloochee Anticline  
The Cataloochee anticline (CA) is the dominant structural feature within the 
mapping area. The CA bounds the southeast edge of the greater Alum Cave syncline, and 
is approximately 8 km wide and 24 km long (Fig. 3.1) (Hadley and Goldsmith, 1963). 
The orientation of the axial plane of the CA is approximately 020°/12° W, and the axial 
hinge line plunges to the southwest (Fig. 7.1).  The axial hinge can be observed in 
outcrop-scale folds along old NC 284 (Fig. 7.6). The CA is a second generation fold that 
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destroys all but the occasional evidence of the earlier (first generation) east-
northeastward-trending folds defined by Hadley and Goldsmith (1963). The CA is a 
compound anticline or anticlinorium, characterized by smaller parallel folds on its NW 
and SE flanks (Plate 1). The Cold Springs high strain zone divides the CA into a 
northwestern and southeastern part (Hadley and Goldsmith, 1963).   
The northwestern part of the Cataloochee anticline contains the complete 
stratigraphic sequence of the SBG, however near the Cold Springs high strain zone 
(CSHSZ), older rocks of the Zswb have been thrust over the younger rocks of the Zsl. 
Beds on the northwestern side of the CA strike NE-SW (roughly parallel to the CA) and 
typically dip rather steeply (50-80°) to the NW. Exceptions to NW dipping beds occur in 
the many open map scale folds that are common in the northern portion of the mapping 
area (plate 1). Shallowly dipping beds should be present near the CA’s fold axis, however 
few shallow (<40°) orientations were observed during mapping. This seems to be due to 
the relatively strong sense of shear near the CSHSZ, which has all but destroyed the 
majority of bedding features. Hadley and Goldsmith (1963) note that some southeastern 
dipping beds can be seen to the NW of the CSHSZ, and these southeastern-dipping beds 
have been observed locally in the northern portion of the mapping area. These 
southeastern-dipping beds are a result of smaller scale/parasitic folds on the northwestern 
limb of the CA. Hadley and Goldsmith (1963) also note that “southeastern-dipping beds 
can usually be distinguished from overturned beds by their lower dip, bedding-cleavage 
relations, or current bedding where the rocks are not too sheared.” While southeastern-
dipping beds were observed, they appear to not be consistently shallow, and no 
overturned beds were observed. A possible explanation for this could be because: (1) 
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bedding has been destroyed in the vicinity of the CSHSZ; (2) substantial stratigraphic 
evidence (i.e. cross bedding, graded bedding or ripple marks) for delineating overturned 
beds was never observed where bedding was distinguishable; (3) lack of outcrop in the 
vicinity of the CSHSZ/CA axial hinge.   
The southeastern part of the CA within the mapping area consists entirely of the 
Zsl. Strike of bedding along the southeastern flank of the CA is roughly parallel to the 
axial hinge of the fold, and consistently dips to the SE (Plate 1). The southeasterly 
dipping beds in the southeastern part of the CA are consistently more shallow (20-50°) 
than the dip of beds found to the NW of the CA. The southwesterly plunge of the 
anticline can be observed in the SE part of the anticline by the presence of Zswb in the 
northeastern portion of the east half of the CCG 7.5’ geologic quadrangle (Hadley and 
Goldsmith, 1963; Hanna and Bradley, 2009)        
2. Outcrop and Map Scale Folds 
  Outcrop and map scale folds are common throughout the mapping area. Map 
scale folds are represented by contrasting dips. Ouctcrop and map scale folds are most 
common within the SBG, because of the less competent nature of the more peltic rocks, 
however map scale folding can be found within the GSG. Folding within the SBG is 
typically characterized by tight to isoclinal folding, whereas folding within the GSG is 
open (Plate 1). Mapping performed by Hadley and Goldsmith (1963) and Southworth et. 
al (2005, 2012) were unable to show the difference in competency and folding styles, due 
to the large mapping scale.       
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Outcrop and map scale folds are most abundant in the northeastern part of the 
Cataloochee anticline, and are a direct result of the overall folding of the anticline. These 
folds almost exclusively parallel the axial hinge of the CA, and range from several meters 
to several hundred meters in width. The majority of small map scale folds within the 
mapping area appear to be cylindrical, asymmetric, open folds (plate 1), however close to 
tight, overturned to recumbent folds can be seen locally (Fig. 7.7).  
3. Hand Sample Scale Folds 
 Hand-sample-scale folds are less prevalent than outcrop-scale folds. Such folds 
are most commonly found in or near high strain zones, specifically in the eastern half of 
the mapping area, within the Cold Springs High Strain Zone. Folds are typically close, 
chevron style folds (Fig. 3.6) with an interlimb angle of ~65° and close, kink style folds 
with similar interlimb angles.  
D. High Strain Zones  
1. Cold Springs High Strain Zone  
 The Cold Springs High Strain Zone (CSHSZ) consists of a series of ductile faults 
running near the axial hinge of the Cataloochee anticline. Hadley and Goldsmith (1963) 
state that the CSHSZ is “the most puzzling structural feature in the eastern Great Smoky 
Mountains.” For the purpose of this study the CSHSZ is split into two approximately 
equal parts (northern and southern parts), roughly separated by old NC 284 (Fig. 5.1). 
The northern half of the CSHSZ was originally (and continuously) mapped as 
bringing a slice of sheared dark gneiss of the basement complex up to the level of the 
SBG (Hadley and Goldsmith, 1963; King et al., 1968; Southworth et al., 2005; Hanna 
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and Bradley, 2009; Southworth et al., 2012). This study however, aims to prove that 
based on field observations and petrographic analysis this fault slice contains portions of 
the Zswbg, Zswb and Zswbp. In either explanation the northern CSHSZ is clearly a 
reverse ductile fault, bringing older rocks of the Zswb up and over the younger rocks of 
the Zsl. The fault slice is approximately 200 meters wide and pinches out just south of 
old NC 284 (Plate 1).  
 Rocks within and near the northern CSHSZ are strongly sheared and strained 
relative to the surrounding rocks of the Zsl. S-L tectonites are present along old NC 284 
near and within the CSHSZ fault slice. Well-developed lineations and crenulations can be 
seen around the northern CSHSZ. The bearing of these linear features roughly parallel the 
CSHSZ and CA, and plunge typically plunge 15-30° SW, however plunges up to 68° SW 
have been seen locally.  
 The southern CSHSZ begins just north of old NC 284 and terminates just beyond 
the SW corner of the mapping area. The southern CSHSZ fault includes different 
lithologies (Zsl and Zsrf) than the northern CSHSZ (Zsl and Zswb), but is most likely the 
result of the same period of deformation. Hadley and Goldsmith (1963) originally 
mapped the southern CSHSZ as a reverse fault which brings the Zsrf up to the level of 
the surrounding Zsl. This is only possible if the beds of the SBG have been overturned in 
the southern portion of the mapping area. This creates a simpler fault zone, not requiring 
a complex series of normal and reverse faults, however no overturned beds were 
observed during mapping within this area. This could be due to the lack of lithologic 
indicators (i.e. cross bedding, graded bedding) within the Zsrf or because of the strained 
and sheared nature of the rocks surrounding the southern CSHSZ. Just to the SW of the 
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mapping area the CSHSZ apparently offsets the Greenbrier fault by ~3 km (Hadley and 
Goldsmith, 1963: Fig. 1.2), indicating deformation of the CSHSZ postdates the 
displacement on the Greenbrier fault.  
 Although the rocks in and within the southern CSHSZ have undergone a 
significant amount of deformation, few well-developed lineations and crenulations were 
observed during field mapping. Where lineations and crenulations are observed, they are 
localized in agillaceous layers of the Zswb, Zsl and Zsrf.   
2. Caldwell Fork (Creek) High Strain Zone 
 The Caldwell Fork High Strain Zone (CFHSZ) parallels the CSHSZ in the SE 
corner of the mapping area. In some studies the CFHSZ has been referred to as the 
Caldwell Creek High Strain Zone, but will be referred to as the CFHSZ in this study to 
remain consistent with the latest published studies. Originally mapped as the trace of the 
Greenbrier fault, the CFHSZ has since been classified as a post-metamorphic structure, 
which has reactivated or is independent of the GBF (Montes and Hatcher, 1999). The 
CFHSZ is widest (~1 km) in the east half of the CCG quadrangle (Hadley and Goldsmith, 
1963; King et al., 1968; Southworth et al., 2005; Hanna and Bradley, 2009; Southworth 
et al., 2012), however it quickly tappers to <200 m wide in the mapping area. Older rocks 
(Yl and Zswb) have been brought to the level of the Zsl by the CFHSZ. Evidence for the 
CFHSZ within the southeastern corner of the map area includes crenulations, lineations 
and sheared and strained rocks within the Zswb.  Like the CSHSZ, crenulations can be 
found within high strain zone. Bearings of these crenulations are typical NE-SW (parallel 
to the CFHSZ) and dip ~40° SW.  
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E. Lineations and Crenulations  
 As discussed in the previous two sections, lineations and crenulations are rare and 
exclusively found within or near the CSHSZ and the CFHSZ. The mean resultant 
direction of lineations in the mapping area is 209°/36° SW (Fig. 7.3). Within the Zsl, 
lineations are typically defined by quartz and feldspar rods, which are typically wrapped 
by argillaceous matrix. These rods are most conspicuous on the underside of overhangs. 
Lineations parallel crenulations in many of the outcrops containing linear features. The 
mean resultant direction of crenulations in the mapping area is 202°/37° SW (Fig. 7.3). 
Crenulations are typically found within the Zswb (undivided) and argillaceous layers 
within the Zsl. S-L tectonites within the CSHSZ have a planar foliation defined by the 
alignment of micaceous minerals, and slender rods of ductilely stretched quartz grains 
forming lineations. Crenulations are defined by kinked bands of micas and quartz layers. 
Crenulations can be seen in rocks at the mesoscopic and microscopic scale. 
The lineations and crenulations found within the western half of the CCG (within the 
CSHSZ and CFHSZ) agree with the findings of Drew et al. (2008), who observed 
southwestward plunging stretching lineations along I-40 in the eastern half of the CCG 
(within the CSHSZ).   The stereonet in Figure 7.8 shows the orientations of the stretching 
lineations found by the study of Drew et al. (2008) and can be compared to the lineations 
found by this study in Figure 7.3.  
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Figure 7.1. Steronet of all mapped bedding planes within the west half of the CCG 7.5’ 
quadrangle. Note the grouping of east vs. west-dipping beds. These orientations define a 
beta axis for the upright map scale Cataloochee Anticline.   
 
Figure 7.2. Hand sample of Zsl showing flattened quartz grains that define foliation 
planes in the non-pelitic rocks of the Zsl and Zsrf. In comparison, white feldspar clasts 
show no evidence of flattening. 
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Figure 7.3. Stereonet of poles to all mapped foliation (green) and orientations of 
lineations (red) and crenulation (blue) axies. Orientation of lineations defined by elongate 
quartz grains (red) within the west half of the CCG 7.5’ quadrangle. Note the regionally 
consistent eastward dipping foliation.   
 
Figure 7.4. Outcrop of Rich Butt Sandstone showing nearly horizontal bedding S0 and 
subvertical S1 foliation (axial planar cleavage). The shallow dip of S0 and high angle to S1 
indicates this outcrop is close to the hinge of a sub-map scale fold. In most exposures in 
the study area foliation is parallel to bedding. The orientation of S0 is 023/46° SE and the 
orientation of S1 is 020/65° SE.  
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Figure 7.5. Photomicrograph from the outcrop shown in Figure 6.4. The quartz 
inclusions (Si) found within the garnet porphyroblast are parallel with the surrounding 
foliation (S1), indicating post-kinematic garnet growth. Sample CCG13-4 (XPL). 
 
Figure 7.6. Outcrop of Longarm quartzite seen along old NC 284 with relatively 
shallowly dipping bedding. Approximately 20 meters northwest and southeast of this 
outcrop bedding begins to dip increasingly more steeply. S0 indicates bedding planes. The 
orientation of S0 is 345/16° E 
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Figure 7.7. a) Outcrop scale tight to isoclinal folding within the Zsl.S0 indicates bedding 
planes. The orientation of the axial hinge of the fold is 202/26° b) Outcrop scale tight 
folding within the Zsrf. S0 indicates orientation of bedding.     
 
 
  
 
Figure 7.8. Steronet from Drew et al. (2008), showing southwestward plunging 
stretching lineations found within the eastern half of the CCG quadrangle along I-40, Exit 
7 (Harmon Den). These stretching lineations are roughly parallel to those found within 
the western half of the CCG (Fig. 6.3). Arc is average foliation plane of tectonites in Cold 
Springs high strain zone. 
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CHAPTER VIII. DISCUSSION 
A. Comparison with Previous Mapping Efforts   
1. Lithologic Distinctions from Previous Interpretation  
After completion of the 1:24,000 scale geologic bedrock mapping of the west half 
of the Cove Creek Gap quadrangle, several lithologic and structural differences have 
been made from previous mapping efforts (Hadley and Goldsmith, 1963; King et al., 
1968; Southworth et al., 2005; Hanna and Bradley, 2009; Southworth et al., 2012). A 
comparison of the map produced of the west half of the CCG produced by this study and 
that of Hadley and Goldsmith (1963) and Southworth et al. (2012) can be seen in Plate 2. 
Lithologic descriptions from Hadley and Goldsmith (1963) and Southworth et al. (2005, 
2012) proved to be extremely useful during reconnaissance traverses. These lithologic 
descriptions are thorough and extremely accurate based on observations made during 
field mapping. Few inherently different lithologic distinctions have been made.  
 Lithologic contacts appear to have been mapped extremely well within the study 
area (Hadley and Goldsmith, 1963; King et al., 1968; Southworth et al., 2005; 
Southworth et al., 2012), with only slight modifications being made in this study. One 
important distinction to note is in the center of the mapping area between the Zsl and the 
Zsrf seen in Figure 8.1. Hadley and Goldsmith (1963) originally mapped a thin “finger” 
of Zsrf protruding into the Zsl to the south of the two “fingers” that were observed by this 
study. While Hadley and Goldsmith (1963) never discus these stringers, they could be a 
result of inter-tonguing or the result of folding, however the “finger” in question was 
never observed in the field. The Zsl and Zsrf commonly grade into each other over tens 
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of meters at their contact, and are commonly very similar in composition and texture. 
This can make distinction of the contact difficult to impossible in some localities. Several 
of the stringers of Zsrf have been observed during field mapping to the north of this 
finger, and are believed to be a result of small map-scale synclines (Plate 1).   
 The most notable lithologic modification made in this study is the redefinition of 
the stringer of mylonitic Max Patch Granite (found in the CSHSZ) as a metamorphosed 
gruss (Zswbg). The Zswbg has been included as the basal unit of the undivided Zswb. 
Hadley and Goldsmith (1963) first mapped this stinger, and called it “one of the most 
perplexing structural features in the eastern Great Smoky Mountains”, however in their 
report they do not examine this lithology in detail. Hadley and Goldsmith (1963) 
comment that these rocks: (1) have been transformed into mylonites by the CSHSZ; (2) 
consist of dark fine-grained gneiss with abundant knots and rolled porphyroclasts of 
feldspar; (3) have lineations and matrix foliations, which indicate intense shearing and 
rotation; (4) are more mafic than surrounding basement. Because of field and 
petrographic observations the stinger of mylonitic rocks found within the CSHSZ have 
been mapped as the undivided Zswb 
2. Structural Distinctions from Previous Interpretation  
 Like the lithologic descriptions, structural interpretations from Hadley and 
Goldsmith (1963) and Southworth et al. (2005, 2012) proved to be helpful when 
conducting initial traverses for structural features. However, several structural 
distinctions have been made within the mapping area. Some of these distinctions affect 
the major structures throughout the study area and will be discussed in greater detail 
below, however there are also minor map scale structures (i.e. faults and folds) that have 
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been acknowledged, these distinctions can be observed by the comparison on maps in 
Plate 2. Minor map scale folds are inferred based on contrasting strikes and dips, whereas 
minor map scale faults are based on the observation of mylonites, breccias, or cataclasites. 
2a. The Cataloochee Anticline    
 The Cataloochee anticline is the largest structural feature within the mapping area, 
however the precise location of the axial hinge is never depicted on previous maps of the 
area (Hadley and Goldsmith, 1963; King et al., 1968; Southworth et al., 2005; Hanna and 
Bradley, 2009; Southworth et al., 2012). The CA is defined by Hadley and Goldsmith 
(1963) as bounding the eastern part of the Alum Cave syncline, and being outlined by the 
Greenbrier fault. Southworth et al. (2005, 2012) do not specifically define the CA, but 
mention that Mesoproterozoic rocks brought up by the CSHSZ are involved in the CA. 
Hadley and Goldsmith (1963) and Southworth et al. (2009, 2012) likely omitted a 
definitive axial hinge for the CA because of the many smaller map scale folds, which are 
common within the CA. Based on the 1:24,000 scale field mapping of this study, the 
axial hinge of the CA can be more precisely located. The orientation of the axial hinge 
can partially be located by the use of steronets (Fig. 7.1). The approximate location of the 
axial hinge can be determined based on strikes and dips collected during field mapping 
(Plate 1). Hadley and Goldsmith (1963) speculate that the southeastern part of the CA is 
not part of the same fold that inclined beds to the NW, because of the contrasting 
difference in bedding dip angles. These contrasting dip angles can be easily explained by 
the presence of the CSHSZ, which has had a significant amount of displacement.          
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2b. Cold Springs High Strain Zone 
 The Cold Springs high strain zone is a complicated structure, which apparently 
thrusts older rocks of the Zswb over the Zsl. The original mapping of this structure by 
Hadley and Goldsmith (1936) and subsequent mapping by Southworth et al. (2009, 2012), 
mapped the CSHSZ similarly. However the mapping efforts of this study question some 
of the faults originally mapped (Fig. 8.2, Plate 2). For example, the fault that separates 
the Zsl from the Zsrf (Fig. 8.2) in the SW corner of the CCG quadrangle was originally 
mapped by Hadley and Goldsmith (1963). Hadley and Goldsmith (1963) and Southworth 
et al., (2005, 2012) show this fault as being a reverse fault with a relatively small offset, 
which preserves the stratigraphic sequence. Faults within the region, even ones of 
relatively small offsets, typically show indications of shearing and ductile deformation, 
however no indications of faulting were seen in this area during mapping. Rocks in well 
exposed outcrops along Palmer Creek contain the regional S1 foliation but no signs of 
ductile shearing such as spiral inclusions within garnet, mica fish or elongated minerals 
(Fig. 8.3).    
The other major fault in question separates the Zswb and the Zsl, creating the 
northwestern boundary of the northern half of the CSHSZ (Fig. 8.2). Hadley and 
Goldsmith (1963) and Southworth et al. (2005, 2012) do not place a fault here, and show 
the contact between the Zsl and the Zswb as being conformable. This is questionable 
because of the southeasterly dipping beds within the Zsl, found on the flanks of Longarm 
Mountain (Plate 1).  Beds within the Zsl continue to dip toward the fault (SE) until 
bedding is destroyed near the fault. Hadley and Goldsmith (1963) show locally 
overturned beds on their map, however SE dipping beds were found in this study to be 
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abundant near the Zsl-Zswb contact. Hadley and Goldsmith’s B-B’ cross section (Fig. 
8.4), which cuts through the area in question shows no indications of overturned beds. If 
there are overturned and upright beds along strike this would create an extremely 
complex fold system within a relatively small lateral distance. Rather, I propose that 
thrusting of a band of Zswb over the Zsl is a more simple interpretation for the Zsl-Zswb 
contact. While this does not agree with stratigraphic continuity, it does provide an 
explanation of why southeasterly dipping beds can be seen near and within the Zswb.     
This study also proposes reclassifying the Cold Springs fault zone (Hadley and 
Goldsmith, 1963; King et al., 1968; Southworth et al., 2005, 2012), with the modern 
‘high strain zone’ designation. This reclassification is proposed because the CSHSZ is a 
narrow band of ductilely deformed and sheared rocks, including several different 
formations that could involve simple and pure shear deformation. Also, it isn’t apparent 
that strains are the product of simple shear, as few asymmetric and consistently oriented 
shear sense indicators are present. The strains could result from general shear.  
2c. Greenbrier Fault  
The Greenbrier fault (GF) is the contact between the Snowbird Group and the 
Great Smoky Group (King et al., 1958; Hadley and Goldsmith, 1963). Hadley and 
Goldsmith (1963) define the Greenbrier fault as a pre-Taconic, pre-metamorphic thrust 
fault with ~24 km of shortening. This interpretation was questioned by King et al., (1968) 
who emphasized that the amount of displacement of the GF is unconstrainable. The 
hypothesis that the GF is a pre-metamorphic thrust fault that accommodates ~24 km of 
shortening has since been examined by Clemons and Moecher (2008, 2009), who 
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provided an alternate interpretation: that the GF is the result of post-metamorphic slip 
along the contact between the Snowbird and Great Smoky groups.   
The proposal that the GF is a pre-Taconic, pre-metamorphic was based on the 
drastic southward decrease in stratigraphic thickness in the Great Smoky Group and 
Snowbird Group (Fig. 1.3). Hadley and Goldsmith (1963) restored the SBG to its pre-
faulting position and proposed that a belt no less than 24 km wide of SBG is missing and 
is overlain by the GSG via the GF. Based on this assumption the GF must have 
transported the GSG a distance equal to or greater to 24 km. However, this assumption is 
valid only if the stratigraphic thinning of the SBG is known, which is questionable. 
Hadley and Goldsmith (1963) acknowledge this and state that their interpretation is based 
on the “questionable assumption that the rate of thickening of the Snowbird is 
approximately known, and that no important erosion of the group occurred before 
faulting.” The hypothesis that the GF is a pre-metamorphic thrust fault also relies upon a 
known stratigraphic taper angle and a known average dip. Montes and Hatcher (1999) 
propose that the SBG has a stratigraphic taper angle of about 3.5 degrees (Fig. 1.3), and a 
proposed average dip of between 25° and 35° to the south. These assumptions are 
untestable and if incorrect the original thickness of the SBG cannot be constrained. If the 
SBG thins more rapidly or there has been significant erosion of the SBG before the 
deposition of the GSG, the missing band of SBG is unnecessarily complex. Hadley and 
Goldsmith’s interpretation also requires the deposition of the GSG and SBG in two 
separate basins, which via the GF, have been faulted to their current position.  
The slip proposed by Clemons and Moecher (2008, 2009) is proposed to be a 
result of slip between the more competent GSG and less competent underlying SBG 
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during late Paleozoic folding. The competency between the GSG and SBG is significant 
and could cause the SBG to “wrap” around the GSG while extruding it upward. While the 
proposed slip cannot be constrained, Clemons and Moecher (2008, 2009) propose that is 
drastically smaller than that of the proposed ~24 km. 
King (1964) appears to have had some disagreement with Hadley and 
Goldsmith’s original interpretation as well. King considered the GF to be a stratigraphic 
contact which had experienced post-metamorphic slip. King (1964) acknowledged that 
the amount of slip along this contact cannot be constrained, but believed that it was much 
less than the originally proposed ~24 km.  Clemons and Moecher’s interpretation of post-
metamorphic slip along a stratigraphic contact is less complex and does not require 
deposition in two separate basins or the extensive displacement proposed by Hadley and 
Goldsmith (1963). 
 If the Greenbrier fault is in fact a pre-metamorphic thrust fault with tens of 
kilometers of slip, there should exist specific  evidence that would be observed near and 
within the faulted zone, including: (1) fault fabrics such as mylonites, cataclasites and 
breccia; (2) large zones of deformation due to the GF’s large offset; (3) bedding in 
hanging and footwall units truncated by the GF; (4) an abundance of hydrothermal quartz 
float and hydrothermal quartz veins; (5) similar fold histories and development of fabrics 
within the hanging wall and footwall units; (6) porphyroblasts along the fault should 
show no signs of rotation due to shearing; (7) little to no offset of the metamorphic 
isogads.  
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Mapping of the west half of the Cove Creek Gap quadrangle has allowed 
observation of outcrops and float near the contact between the SBG and the GSG. The 
following were observed:   
(1) Proto-mylonites and cataclasites are commonly observed in the CSHSZ (and other 
smaller fault zones). Similar rock types should be seen within a large scale fault zone, 
however during field mapping no fault rocks were observed near the SBG-GSG contact 
either as float or in outcrop. 
(2) Fault zones typically deform a wide zone of rock even within faults of  relatively little 
offset (compared to the ~24  km of the proposed GF). Small zones of deformation have 
been observed near the GF, including shear bands within shale and silt layers in the 
bottom of the Zgt and the uppermost units within the SBG. These small zones of 
deformation, which are limited to these shale and argillaceous layers, are indicative of 
strain partitioning, but not necessarily large scale thrusting. 
(3) The GF was not directly observed within the mapping area. However, Hadley and 
Goldsmith (1963), King (1964), and Clemons (2006) observed truncations of folded 
bedding in the footwall. While this is consistent with faulting (even small scale slip), it is 
not indicative of the large scale thrusting proposed by Hadley and Goldsmith (1963), and 
can be explained by differential folding resulting from the competency contrast between 
hanging wall and footwall rocks as shown in Figure 36 of Hadley and Goldsmith (1963). 
(4) Abundant cobbles and bolders of hydrothermal milky vein quartz in float (Fig. 8.5) 
have been observed almost everywhere faults have been observed (also see Clemons, 
2006). This hydrothermal vein quartz commonly cuts through planar features (i.e. 
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bedding and foliation) in their host rocks. This does not appear to be the case near the 
Greenbrier fault. Along the flanks of Mt. Sterling, quartz float is less abundant than in the 
CSHSZ. Quartz veins are absent where outcrops of the lower most Zgt and uppermost 
SBG are seen.    
 (5) Folding styles and frequency within the GSG and SBG are fundamentally different 
because of the drastic difference in competency. Open folding is evident within the GSG, 
whereas the SBG is characterized by tight to isoclinal folding (Clemons, 2009). These 
different folding styles have been observed during field mapping (Fig. 8.6 and Fig. 7.7).  
(6) If the GF is a pre-metamorphic thrust fault, no post-metamorphic shear should be 
present in the matrix of porphyroblast-bearing rocks near the fault zone. If the GF is a 
post-metamorphic fault, microstructural evidence of differential matrix-porphyroblast 
deformation should be seen near the proposed fault. Sigmoidal inclusions in garnet 
porphyroblasts and mica fish could be caused by syn-metamorphic slip along the or near 
the fault. Evidence of syn-metamorphic shear is present in samples CCG13-2 (Fig. 6.1f) 
and CCG13-3 (Fig.6.2g). In sample CCG13-3, conspicuous sigmoidal inclusion trails of 
quartz within garnet porphyroblasts can be seen (Fig. 7.7a) and mica fish have been 
rotated to parallel with the foliation (Fig. 7.7b). While these samples show post-
metamorphic shear of porphyroblasts near the GF, it is possible that the slip between the 
Zgt and the SBG did not deform and shear rocks far away from the fault. This appears to 
be the case because of the relatively undeformed rocks of the SBG and Zgt found near 
(<10 m) to the fault. The lack of porphyroblasts in the non-pelitic rocks near the fault 
precludes further investigation of this point. 
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(7) If the Greenbrier fault is a post-metamorphic fault there should be an observable 
offset in the biotite-garnet isograd within the field area. This offset should be observed 
over the GSG and SBG contact. While the biotite-garnet isograd does not appear to be 
offset (Fig. 7.8), it is difficult to definitively confirm this because of the lack of index 
minerals observed within the non-pelitic Thunderhead sandstone. Although a post-
metamorphic fault should offset the biotite-garnet isograd along the contact of the Zgt 
and Zsrf, if the GF is simply a zone of differential slip along a stratigraphic contact (<1 
km), an apparent offset could be relatively small, and because of the lack of 
porphyroblasts within the Zgt, non-recognizable.  
2. Relationship of Porphyroblasts and Foliation Development 
Foliation within the rocks in the Ocoee series may be of several ages. This 
metamorphic episode resulted in an obvious regional foliation seen in the more 
argillaceous rocks of the SBG. The examination of thin sections containing 
porphyroblasts located throughout the west half of the CCG (Fig. 6.1 and 6.2) clearly 
show that there is no direct spatial/coeval relationship between the formation of the 
regional foliation and the growth of the metamorphic index minerals. Thus, indicating 
that deformation was pre-, syn-, and post-porphyroblast growth.   
3. Compression of Biotite-Garnet Isograd 
The distance between metamorphic isograds decreases in the eastern Great Smoky 
region (Fig. 1.2) and affects the staurolite and kyanite isograds. Syn-metamorphic and 
post-metamorphic processes could explain this compression.  Syn-metamorphic 
processes such as spatial variation in heat flow and amount of shortening due to 
compression could produce a “real” narrowing of isograds. .  
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Post-metamorphic folding of isotherms or faulting of isograds might also explain 
a “real” compression. Material loss by means of folding and/or faulting is the most likely 
post-metamorphic events that could account for the large compression of isograds. Post-
metamorphic steepening of isograds via folding or through reverse faulting could 
drastically reduce the area in between the isograds and cause an “apparent” shortening or 
compression. The area in which the shortening is observed correlates with areas of tight 
folding, reverse faulting and ductile high strain zones (Cold Spring high strain zone and 
the Caldwell Fork Fault; defined in Montes and Hatcher, 1999). 
Geologic field mapping within this area was not conclusive regarding the question 
of compression of the isograds. This is partially because of the location of the major 
isograds (SE of the mapping area; Fig. 1.2) and the non-pelitic nature of the Longarm 
Quartzite and Thunderhead Formation. Although isograds are not directly observed in the 
mapped area, there are several important observations that permit speculation of the 
cause of the compression. These observations include several localized metamorphic 
fabrics that indicate shortening, including ductile flattening of quartz grains and the 
crenulation of metapelites and phyllites. The shortening accommodated by these rocks 
might explain some of the drastic thickness change between the staurolite and kyanite 
isograds.  Although this shortening could accommodate a significant portion of the 
isograd compression, it is unlikely that it accounts for the full amount. This study has 
shown that the CA and the CSHSZ are significant structural features within the region, 
and they deform a significant area. It is likely that the faulting and folding associated with 
these features played a role in the isograd compression, because of the significant 
deformation associated within these areas. These smaller map-scale folds likely 
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accumulate a significant amount of shortening within the mapping area, which cannot 
accurately be quantified. Hand sample scale folds are likely to have formed during 
flexural slip folding of larger outcrop to map scale folds, and have likely accommodated 
relatively little shortening in the regional sense.     
It also appears that there is a difference in location of the biotite-garnet isograd 
originally as mapped by Hadley and Goldsmith (1963), seen in Figure 1.2 and Figure 8.8, 
and the garnet isograd mapped by this study (Fig. 8.8).  The garnet isograd mapped in 
this study is located to the north of Hadley and Goldsmith’s originally proposed isograd. 
The isograd has been moved north of sample CCG12-1 because of its abundance of 
garnet porphyroblasts.   
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Figure 8.1. Portion of Plate 1 showing the location of the mapped “fingers” of Zsrf 
protruding into the Zsl. 
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Figure 8.2. Generalized 
geologic map of the west half of 
the CCG 7.5’ quadrangle, 
highlighting faults questioned 
by this study based on 
observations during field 
mapping. Red lines indicate 
previously mapped faults that 
were not observed during this 
study. Blue faults are previously 
unmapped faults, which have 
been observed during this study. 
Bold dashed lines indicate faults 
that have been previously 
mapped and substantiated by 
this study. Dashed lines indicate 
lithologic contacts. 
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Figure 8.3. Hand sample of the Zsrf within Palmer Creek drainage at the location of the 
fault shown by Hadley and Goldsmith (1963), showing slight signs of the regional 
foliation but no signs of ductile shearing. 
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Figure 8.4. Portion of Hadley 
and Goldsmith’s (1963) B-B’ 
cross sections. Rectangle is the 
area in which overturned beds 
are indicated, but no indications 
of overturned beds are shown 
within cross section (modified 
from Hadley and Goldsmith, 
1963). 
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Figure 8.5. Quartz veins filling brittle fractures found within the southern portion of the 
CSHSZ, typical of fault zones within the mapping area. No quartz veins were observed 
near the GF. 
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Figure 8.6. Portion of Plate 1 showing large map scale, open style folds within the Zgt.  
Isoclinal and tight folding found within the SBG can be seen in Figure 7.1.   
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Figure 8.7. a) Photomicrograph of dextral shearing, based on sigmoidal inclusion trail in 
rotated garnets within the Zsrb. Sample CCG13-3 XPL.  b) Rotation and alignment of 
mica fish found within the Zsrb. Sample CCG13-3 XPL.   
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Figure 8.8. Simplified geologic map of the west half of the CCG 7.5’ quadrangle 
showing primary structural and stratigraphic features; location of samples containing 
index minerals observed in outcrop, hand sample, and thin section; and the isograds of 
Hadley and Goldsmith (1963) and this study. The absence of suitable bulk compositions 
(pelites) in eastern map area makes it difficult to project the location of the isograds with 
confidence. 
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CHAPTER IX. CONCLUSIONS AND FURTHER RESEARCH 
Geologic mapping of the west half of the Cove Cove Creek Gap 7.5’ quadrangle 
resulted in the geologic map in the accompanying Plate 1. This map was submitted to the 
U.S.G.S EDMAP program (grant # G12AC0190) in late September of 2013. The map 
produced here fits well with Hanna and Bradley’s (2009) geologic map of the east half of 
the Cove Creek Gap 7.5’ quadrangle, as can be seen in Figure 9.1. The mapping party of 
the west half of the CCG and staff of the North Carolina Geological Survey are currently 
evaluating coverage of the west and east halves of the CCG, with the intent to jointly 
publish a complete geologic map of the Cove Creek Gap 7.5’ quadrangle. Field mapping 
of the area has also provided significant data, which have been used to examine the 
questions of the Greenbrier fault and the compression of the staurolite and kyanite 
isograds.   
This study aimed to examine the questions of: (1) whether the Greenbrier fault is 
a pre-metamorphic large scale thrust fault or a post-metamorphic slip between 
stratigraphic units, has intrigued geologists for a number of years (Hadley and Goldsmith, 
1963; King, 1964, Montes, 1997; Southworth et. al, 2005; Clemons, 2006; Clemons and 
Moecher, 2008, 2009). This study aims to build upon and analyze the interpretation (by 
Clemons, 2006 and Clemons and Moecher, 2008, 2009), which proposed that the 
Greenbrier fault has experienced post-metamorphic slip along stratigraphic contacts of 
different competencies; (2) the relationship of regional metamorphism, expressed by the 
growth of porphyroblastic index minerals, to foliation development in pelitic 
metasediments; (3) Whether the eastward narrowing of the apparent distance between 
metamorphic isograds mapped by Hadley and Goldsmith in the eastern Great Smoky 
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Mountains results from folding, crenulations and/or ductile faulting associated with 
regional late Paleozoic, retrograde compression.  
  Based on observations while mapping the west half of the CCG quadrangle and 
petrographic evaluation of samples gathered during field mapping, the following 
conclusions have been reached:   
(1) Field mapping appears to further substantiate the interpretation of Clemons and 
Moecher, that the GF is a minor structural feature within the western Blue Ridge 
with an unconstrainable, but relatively small (>1 km) amount of post-
metamorphic slip along the contact of the GSG and SBG.   
(2) Petrographic evaluation of 36 thin sections show that there is no direct 
spatial/coeval relationship between porphyroblast growth and foliation 
formation/matrix deformation that is consistent throughout the study area.   
(3) Although the staurolite and kyanite isograds do not occur in the west half of the 
CCG, several observations were made that help examine the problem of the 
regional compression of the metamorphic isograds and will help direct further 
research. First and foremost, mapping of this area helped delineate rock types that 
would prove useful when examining the compression of the staurolite and kyanite 
isograds. Field mapping also allowed for the observation of zones of shortening 
perpendicular to the isograds, and mapped the structural significance of the CA 
and the CSHSZ. These structural and metamorphic fabrics could accommodate 
the required shortening needed to compress the metamorphic isograds. Due to this 
study’s mapping area and resolution these inferences remain speculative. Further 
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work and mapping outside of the study area (S and SE) would provide valuable 
information when considering this problem.       
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Figure 9.1. The geology of the west half of the Cove Creek Gap 7.5’ quadrangle 
(mapped during this study, modified from plate1) juxtaposed with the geology of the east 
half of the Cove Creek Gap 7.5’ quadrangle (modified from Hanna and Bradley, 2009) 
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APPENDEX A. MINERALS PRESENT WITHIN THIN SECTIONS, WEST HALF 
OF THE COVE CREEK GAP QUADRANGLE 
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APPENDIX B. FIELD DATA OF THE WEST HALF OF THE CCG   
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PLATE 1 – WEST HALF OF THE COVE CREEK GAP GEOLOGIC 
QUADRANGLE  
Explanation  
 The map to follow presents the full 1:24,000 scale bedrock geologic map of the 
west half of the Cove Creek Gap quadrangle, submitted to the U.S. Geological Survey 
EDMAP Component of the National Cooperative Geologic Mapping Program. Support 
from EDMAP grant # G12AC20190 allowed this project to be completed.  
PLATE 2 – COMPARISON OF THE WEST HALF OF THE COVE CREEK GAP 
GEOLOGIC QUADRANGLE, AS MAPPED BY HADLEY AND GOLDSMITH 
(1963), SOUTHWORTH ET AL. (2012), AND SPAULDING (2013) 
Explanation  
 The maps to follow compare the mapping efforts of Hadley and Goldsmith (1963), 
Southworth et al. (2012), and the EDMAP (Grant # G12AC20190) produced by 
Spaulding (2013). This comparison provides a visual representation of the geological 
differences mapped by the three parties.  
PLATE 3 – 2013 GSA ANNUAL MEETING POSTER  
Explanation  
The accompanying poster (presented at the 2013 Geological Society of America 
Annual Meeting) reproduces many of the figures and data discussed in this thesis. This 
poster is included here for those interested.  
